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ABSTRACT

The systematic history of tlie Stemoptychidae
has been one of instability in higher classification.

A study of comparative osteology indicates that die

hatchetfishes are closely related to the Gonosto-

matidae but differ from them in certain significant

aspects. The Stemoptychidae are therefore given
familial rank.

Fossil evidence indicates that the family prob-

ably arose during the early Tertiary and reached its

present evolutionary grade by the middle Miocene.

Three phylogenetically divergent genera are recog-

nized, these being Argyropelecus, Polyipnus, and

Sternoptyx, with seven, seventeen, and three species

respectively. Many species exhibit geographical
variation and morphologically distinct populations
were defined in some instances.

The genera differ broadly in habitat as well as

morphology. Argyropelecus is a high seas pelagic

genus limited to the upper 600 m. Sternoptyx
shows a similar pattern horizontally but inhabits the

500 to 1500 m depth zone. Polyipnus occurs only
in close association with land, exhibiting a chstribu-

tion and speciation pattern similar to many tropical

shore species. Argyropelecus and Sternoptyx spe-
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cies are seemingly restricted to waters with similar

hydrographie and biological properties. Certain

species assemblages are used to define zoogeo-

graphically distinct areas of the world's oceans.

INTRODUCTION

The systematic histoiy of marine hatchet-

iishes begins with Hermann's (
1781 )

description of a photophore-bearing fish

he called Sternoptijx diaphana (from the

Greek words "sternon" (chest) and "ptyx"

( plate ) )
and from which the family

derives its name. Hermann called at-

tention to the extraordinarily deep and

compressed body shape and thus estab-

lished one of the principal descriptive

characteristics of the group. The genus

Arp,\iropclcctis was described by Cocco in

1829 and both genera then appeared in

the classic work of Cuvier and Valen-

ciennes (1849).
Giinther (1864: 384) placed the above

genera in the family Sternoptychidae and

included also other midwater genera

(presently placed in the family Gono-

stomatidae) using such characteristics as

photophorcs and gill structures. In addi-

tion, Argyropeleciis and Sternoptijx were

given subfamilial rank characterized by
the presence of a spinous dorsal blade.

Gill (1884), while recognizing that the

congener of the Gonostomatine fishes was

allied to the Sternoptychidae, nevertheless

restricted the family to include only

Sternoptijx and Argyropeleciis. He recog-

nized too, a degree of difference between

these genera and gave them subfamilial

I'ank.

Giinther (1887) added the newly de-

scribed genus FoJijipnus to his family

Sternoptychidae, which still included the

present gonostomatid genera. Goode and

Bean (1896) followed Gill in recognizing

three families from Giinther's one: Gono-

stomatidae, Maurolicidae, and Sternopty-

chidae; and in addition, placed the genus

Pohjipniis with the Sternoptychidae. Gar-

man (1899), citing the similarity of the

larval forms of Goode and Bean's three

families, returned to Giinther's original

scheme. Brauer (1906: 101) later con-

tinued to recognize Giinther's classification.

Regan ( 1923
) attempted to clarify the

earlier confusion by examining osteological

characters, thereby giving more explicit

definitions to the taxa. This resulted in

assignment of the genera Sternoptyx, Argy-

ropeleciis, and Folyipmis to the family

Sternoptychidae, while other related gen-
era were placed in the family Gonostomati-

dae. Such basic differences as the absence

of a basi- and alisphenoid bone in the

former family were cited as justification

for this split. Regan's classification was
later accepted by Norman (1930, 1944)

and Berg (1940).

Regan's work did not resolve the prob-
lem of family relationship and taxon rank,

however. While generally recognizing

Regan's classification. Fowler
(

1936
) gave

the Maurolicidae familial rank and fur-

ther complicated the issue by including
the genus Valenciennelliis with Regan's

Sternoptychidae. Gregory and Conrad

(1936) included Maiiroliciis in the family

Sternoptychidae, acknowledging the primi-
tiveness of this genus, as well as its

role as a possible congener of Regan's

Sternoptychidae. They cited the deep,

compressed body form as an evolutionary
trend in the family. Smith (1953) essen-

tially returned to Goode and Bean's old

classification while Hubbs (1953), refer-

ring to the connecting links in the evo-

lution of the Sternoptychidae from the

Gonostomatidae, recommended a revival

of Giinther's classification, thus reducing

Regan's Sternoptychidae to subfamilial

rank. While Rechnitzer and Bolilke (1958)

and Ebeling (
1962

)
have accepted Hubbs'

l^roposal, most modern authors recognize

Regan's classification (Schultz, 1961; Mor-

row, 1964; Backus et al., 1965; Berry and

Perkins, 1965). However, Greenwood et

al. (1966) indicate that the Sternoptychidae
are a specialized offshoot of the Gono-

stomatidae and. although still recognizing

the former as a separate family, they
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suspect that further morpliological study
will support the earher conckisions ot

Hubl)s.

Historically then, there has been a failure

to achieve a stable classification of the

Stemoptychidae. The numerous reasons

for this failure may be attributed primarily
to the use of superficial or highly variable

character complexes, the lack of detailed

morphological studies using osteological or

other acceptable criteria, and subjective

conceptual differences concerning the fam-

ily rank.

The first consideration of a systematic

study of the Stemoptychidae must include

an attempt to clarify some of the historical

confusion. Accordingly, a comparative

study of primarily osteological character

complexes was undertaken with the follow-

ing objectives: to help elucidate the family

question; to provide characters for explicit

definitions of the taxa; and to comment
on generic relationships and evolutionary
trends among the genera and species com-

plexes. The character complexes cited

were sufficiently numerous and function-

ally distinct to reasonably satisfy the initial

objectives. The gonostomatid genera Maii-

rolicus and Valenciennelhis were chosen

for comparison with the Stemoptychidae
as they are thought, classically, to be most

closely related to them, and because any
other choice would have to involve a de-

tailed study of the Gonostomatidae.

The use of osteological characters and
character complexes as the primaiy criteria

in a systematic study invcjlves the follow-

ing concepts: 1) The skeletal system is a

major constituent of the functional mor-

phology of an indi\ idual and should reflect

its general evolutionary history. 2) As

selection acts on a particular morphological

regicjn, it alters the osteology of that

region. Both between and within regions,

osteological characters may be independent
with regard to rate and direction of evo-

lution. 3) The skeletal system is not strictly

a single one with a limited function and

morphology. Rather, it may be thought of

as a series of semi-independent systems or

"functional units," each reflecting the

functional requirements of that particular
unit. 4) An osteological study results in a

composite of individual character com-

plexes, some of which may be primitive,
others advanced, but which reflect the evo-

lution and specialization within i^hyletic

lines. 5) Osteological characters have
been shown to be as consistent as other

characters in reflecting phylogeny and

evolution. Weknow more about osteology
and its limitations. 6) Falcon tological evi-

dence is primarily osteological.

Fossil evidence was also considered and
a detailed study was made of the fossil

record to provide additional information

on the evolutionary history and relation-

ships ascertained from the osteological
results. After using these in resolvhig the

family question and in presenting an evo-

lutionaiy history, the various higher taxa

were defined and a revision of the re-

spective genera undertaken.

The widespread occurrence and ease of

capture of the Stemoptychidae make them

ideally suited for studies involving popu-
lation structure, speciation, and distri-

bution in the midwater or mesopelagic
environment. Several recent studies (

Haff-

ner, 1952; Ebeling, 1962; Nafpaktitis, 196S)
have indicated some of the distributional

patterns of certain midwater fishes and the

possible factors involved therein. This

study attempts to examine some of these

factors with regard to present sternopty-

chid distributions.

METHODS

Material. Because of the vast amount

of material examined a detailed list of

specimens and stations is not included in

this work. Appendix A lists the institutions,

vessels, and respective cruises from \\'hich

material was obtained. A detailed listing

of material examined is on permanent file

in the Museum of Comparative Zoology,

Harvard University.
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Collecting:, and sampling techniques. In

a study such as this one, involving material

from so many cruises employing a wide

variety of gear and using various fishing

philosophies, the sources of sampling bias

are too numerous to list. However, some
of the major problems can be discussed.

Horizontally, there is a marked differ-

ence in the amount of sampling between
areas. A few areas have been adequately

sampled (California, North Atlantic) while

others have not been sampled at all. The
Pacific in general, the South Atlantic, and
the Indian Ocean—especially the southern

and eastern portion
—are markedly under-

sampled. The "pseudopelagic" or near-

shore midwater environment has not been

sampled in most parts of the world. In

most cases sampling was seldom extensive

enough to appreciate any micro-distri-

butional features or seasonal variation (see

Pearcy, 1964).
In addition to differences in collecting

gear, there were significant differences in

fishing philosophy. Some ciTiises were
faunal surveys with many oblique tows to

numerous depths. Other cruises were in-

terested in sampling only over a certain

depth range (e. g., upper 500 m), while

still others sampled particular environ-

ments or collected in sound-scattering lay-

ers. The majority of cruises were diurnally

biased, collecting primarily in the upper
200 m at night and much deeper during
the day. The upper 500 mwas much more

extensively sampled than deeper waters,

especially at depths below 1000 m.
A wide variety of fishing gear was em-

ployed. The gear most frequently used
was the lO' Isaacs-Kidd midwater trawl.

Many other types of trawls, ring nets,

plankton tows, and even dip nets, provided
material. Depth determination and data

recording varied widely. For example, it

was often impossible to tell if a certain

sample was a horizontal or oblique tow,
or whether the depth recorded was calcu-

lated by triangulation or determined elec-

tronically with automatic depth recorders.

There is an abimdance of literature on the

problems encountered in sampling mid-
water organisms from behavioral responses
to gear characteristics and performance.
For a comprehensive discussion of the

problem see Suzuki (1961), Aron (1962),
and Harrisson (1967).

Hatchetfishcs are easily caught by slow

moving towed nets. There is some corre-

lation between size of tow and size of

individuals taken. Plankton tows take

primarily very small individuals, while 10'

Isaac-Kidd trawls take larger specimens.
In general the 10' IKMT appears to imder-

sample the large individuals, although it

does on occasion catch the very largest
individuals of a species. Comparisons with

catches by the huge Engalls trawl in the

northeast Atlantic show that there are more
of the larger individuals present than

IKMT samples indicate. In the case of

ArgyropeJcciLs glgas, the largest specimens
ever recorded were taken in numbers by
this trawl. With the exception of Argij-

ropelcciis glgas, hatchetfishcs are small

sized and are adequately sampled, except
for the largest sizes, by the standard IKMT.
Indications are that more work with large
midwater trawls, especially those that

operate at depths greater than 500 m, will

add a new dimension to the "lilliputian"

midwater fauna (see Harrisson, 1967: 104).

Measurements and counts. The methods
of measurement usually used were those

described by Hubbs and Lagler (1947: 13),

although the peculiar morphology of the

Stcrnoptychidae necessitated several ad-

justments. In addition, measurements were

adjusted so that in some cases reference

points are somewhat different between the

genera. Measurements of standard length

(SL) and body depth (RD) were made
with needle point dividers to the nearest

uhole millimeter. Other measurements
were taken with vernier calipers, and were
determined to the nearest tenth of one

millimeter.

Characters chosen for measurement were

those which appeared to have systematic
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importance, or could be directly or in-

directh' tied to ecological considerations.

The following measurements were taken;

Standard length
—measured from the end

of the snout to the farthest extension of

the well-marked caudal peduncle (in Ster-

nopfyx the peduncle asymmetrical, the low'er

lobe extends farthest posteriorly). Bodv

depth —in Arg,ijropeleciis and Polyipnus
measured from the origin of the dorsal

blade to the most ventral extension of body
margin, excluding ventral keel scales; in

Sfcrnoptyx measured from the end of the

dorsal fin and essentially a tinink measure-

ment. Dorsal blade —
height measured from

dorsal body margin to greatest extension of

major element in the blade along blade

axis (in Stcrnopfyx there is only one ele-

ment). Jaw length
—measured from the

point of the retroarticular to the anterior-

most extension of the lower jaw. Jaw
width —measured in the lateral plane
between the left and right lower jaw
articulations. Caudal peduncle —a depth
measurement across the narrowest dorsal-

ventral axis of the caudal peduncle. Ab-
dominal length —used only in Sternoptyx,
measured from the dorsalmost point of the

supra-anal photophore to the posterior-
most extension of the caudal peduncle.

Supra-abdominal photophore —a Ster-

noptyx character measured from the dorsal-

most point of the supra-anal photophore
to the dorsal body margin normal to the

midabdominal axis. Dorsal fin length
—in

Sternoptyx measured from the origin of \he

anterionnost fin ray to the origin of the

posteriomiost fin ray. Orbital diameter —
in Polyipnus measured along the anterior-

posterior axis. Post-temporal spine length—in Polyipnus measured from the \entral

origin of the spine to its tip. Head length—in Polyipnus measured from the end of

the snout to the posterior opercular mar-

gin. Photophore measurements —measured
from the farthest extension of the dark

pigmented pliotophorc margins.
The following counts were made. Gill

raker number: the number of gill rakers

on the first branchial arch of the left side;

only clearly defined rakers were counted.

Caudal, median, and pectoral ray counts

were as per Hubbs and Lagler (1947).
Vertebral counts were made from fossils,

X-ray photographs, or cleared and stained

specimens. Vertebral counts included all

separate vertebrae, except the urostylar

element(s); vertebral counts for fossil ma-
terial included only those elements pos-
terior to the major element in the dorsal

blade.

Keys and key characters. Because of the

damaged condition of many specimens in

midwater collections, keys include several

characters to aid in identification. Care
must be taken when making measurements

on, or using key characters with, damasfed

specimens. Keys were constructed for

adults and late juveniles only, and are

roughly limited to individuals greater than

20-25 mmin standard length. Photophore
complement, especially in the anal series

of Polyipnus, is complete only in the adults.

Most of the key characters are discussed

in the descriptions; however, several of the

more common ones are expanded as fol-

lows. The post-temporal spine in certain

species of Polyipnus bears small basal

spines on its ventral-lateral surface; dorsal,

postabdominal, and preopercular spines
are often worn or broken, especially in

larger individuals. Subcaudal spines ap-

pear late in ontogen\^ and are always
small. Spinose borders of the preopercle
and ventral keel scales are obvious and
well developed. Canine teeth may be

missing or broken, but when present they
are conspiciously longer than other teeth.

Teeth present on the midline of the pos-
terior vomerine shaft in certain species of

Polyipnus are difficult to see in small speci-

mens. Caudal ray pigment is often reduced

by loss or abrasion of the caudal fin. Pig-
ment characteristics used are dark mela-

nistic areas which appear stable in most

common preser\'ati\'es if the specimens are

undamaged. Preopercle spine character-

istics in the Argyropelecus lychnus complex
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are sometimes variable, and occasionally

borderline cases occur. While keys were

constructed for indi\'idual identification,

population and distribution data should

always be checked.

Photophorcs (Figs. 17 and 18). Photo-

pliore nomenclature was adopted from

Schultz (1961). The photophore groups
are as follows: preorbital (PO) —a single

photophore located anterior to the eye

(ventrally located in Sternoptyx); post-

orbital (PTO) —a single photophore just

posterior to the eye; preopercular (PRO)—a single large photophore located at the

ventral margin of the opercular region;

subopercular (SO) —a single small photo-

phore at the posterior ventral margin of the

opercular region; suprapectoral (SP) —a

series of three photophores (two in Arii,y-

ropelecus) in the region above the pectoral

fin; branchiostegal (BR) —a cluster or

group of photophores located in the bran-

chial region; isthmus (I)
—a group of five

to six photophores along the anterior ven-

tral body margin below the preopercular

complex; abdominal (AB) —a large group
of 10-12 photophores along the ventral

abdominal body margin; preanal (PAN) —
a group of three to five photophores lo-

cated in the region just above and posterior
to the pelvic fins; anal (AN) —a variably
numbered group of photophores located

along the ventral body margin in the

region of the anal fin; subcaudal (SC) —a

group of four photophores along the ven-

tral body margin in the region of the

caudal peduncle; these usually fonn a

single close-packed cluster but may be

separated in certain species of Arfiyropcle-

ciis; supra-abdominal (SAB) —(absent in

Sternoptyx) a series of three (Polyipmis)
or six {Ariiyropelecus) photophores above
the abdominal series along the lateral body
margin; supra-anal (SAN) —(absent in

Argyropelecus) a single photophore in

Sternoptyx which is anterior to and raised

above the anal group; a series of three

photophorcs in Polyipntis anterior to and

usually raised above the anal group; in

certain species the three supra-anal photo-

phores are anterior to but are essentially
continuous with the anal series; lateral (L)—a single photophore in the midlateral

region of the trunk found only in

Polyipnus.

Photophore number and position are re-

markably constant in the Sternoptychidae.

However, rare individuals do have photo-

phores in somewhat abnormal positions or

occur with an abnormal number in any
group. The number is constant in most

photophore groups throughout a genus,

although the resultant pattern may be
somewhat different owing to differences in

body form or photophore location. No
sexual dimorphism in photophore number
or pattern was observed.

CAearinLi and staining. For the osteo-

logical study, a series of specimens of each

species examined was cleared and stained

using a slightly modified trypsin digestion

technique described by Taylor (1967).
This method gave excellent results even on

specimens preserved for long periods of

time. In addition, the method is consider-

ably more rapid than other techniques.
Distorted specimens often gave good re-

sults since they were partially relaxed by
the digestion process.

Analysis and presentation of data.

Because of the magnitude of material ex-

amined, computer techniques were em
ployed extensively. Programs (primarily
in the Fortran IV language for use with

the IBM 7094 at the Harvard University

Computation Center) were designed to

plot and analyze the data. Four types of

data cards were punched and then cross-

indexed by cruise and station number. One
card contained station location and deptli

plus hydrographic and time data where

available. The catch card incorporated the

total catch, the size breakdown of the

catch, and other data such as maximum
size or size of gravid females. Mor]:)ho-

metric and meristic data cards completed
the raw data input.

Plorizontal distributions were computer
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plotted and broken down into three arbi-

trary, relative abundance categories which

were indicated by separate symbols. These

plots formed the basis for the distributional

charts on each species. Plots of juveniles

and gra\'id females did not differ signifi-

cantly from overall plots, so they were not

included in the data presented.

Depth data were subjected to two sepa-
rate analyses. The first was a tabular

breakdown of all depth data taken pri-

marily by IKMT and in which depth was
determined by pressure depth recorders in

most cases. Depth figures represent only
maximum net depths and in many in-

stances probably represent oblique tows,

although where this was definitely in-

dicated oblique tows were excluded. The
results are listed in Appendix B. This

method was particularly helpful in ap-

preciating sampling bias. For the second

analysis, only known horizontal tows were
used and a plot of the rate of catch in

fish-per-hour against depth was made.

Only rates greater than one fish/hour

(one-half fish/hour in certain species)
were plotted. A much finer definition of

the depth range of each species was thus

obtained, although the sampling bias can-

not be fully ascertained.

Where hydrographic data were available,

temperature-salinity plots were made for

each species and compared with known
water mass T-S envelopes. These plots

formed part of the data for Table 24.

Morphometric and meristic data were

analyzed using standard statistical meth-

ods. All proportional data were computer
plotted against standard length, and re-

gression statistics were computed by the

least square method. Only adults or late

juveniles were used, and relationships
were linear in all cases. Variabilitv was

quite low in most instances, and as long
as stratified samples were taken (covering
most of the length range of a species),
excellent repeatable regression lines were

obtained. Confidence limits decreased with

sample size to about 20 individuals, beyond

which little reduction could be obtained.

Stratified samples as small as eight indi-

viduals were adequate to establish good
regression lines, which were consistent

with larger samples in most cases. In

many areas, sample sizes were inadequate
and the population parameters presented
must be verified further with more sam-

pling. Slope differences were tested statisti-

cally and are presented in the various

tables. Positional differences between

populations could often be detected al-

though the slopes were not statistically

different. These, when noted, were plotted

(Fig. 23). Meristic data were plotted and
a difference of two standard errors on
either side of the mean formed the basis

for statistical comparison. Dorsal blade

height in Argtjropelcciis hemigijmmis was

plotted in the same manner as meristic

data. The slope of blade height to standard

length was very low (.008-.02), so that

comparisons between individuals over a

small length range (22-28 mm) were con-

sidered equivalent.

Oeeanographic data were obtained from

various standard sources (Fuglister, 1960;

Sverdrup et al., 1960; Muromtsev, 1963;

Schroeder, 1963) and from cruise reports.

OSTEOLOGICALCHARACTERCOMPLEXES
Cauda] skeleton (Fig. 1). There is a

definite similarity among the caudal skele-

tons examined. Features in common in-

clude: somewhat flattened neural and

haemal spines; three characteristic hypural
or hypural-like elements in the ventral

caudal lobe (definitions and abbreviations

of bones follow Norden
(

1961
) ;

see Weitz-

man
(

1967a
) concerning definition of a

hypural element); often one or more post-

terminal vertebrae; one or two free epurals

(except Stemoptyx); and a caudal fin ray
count of 10 + 9, with a varying number of

dorsal and ventral procurrent rays.

There is considerable \'ariation in the

degree of fusion of hypural elements. With
the exception of the Argijvopelecus af finis

and Polyipnus spinosus species complexes.
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f\JS 1

HYP

HS

NS 2

A B

NS 1

NS2

Figure 1. Caudal Skeleton: A. Maurolicus muelleri; B. Argyropelecus affinis; C. Polyipnus asteroides; D. Sternoptyx

pseudobscura. Abbreviations: EP r; epural; HS i^ haemal spine; HYP =: hypurals; NS z^ neural spines; and UN
=: uroneurol.

hypurals 1-2 and 3-4 are always fused. In

some cases, there is complete (Sternoptyx)
or almost complete {ValencienneUtis)
fusion of hypural elements.

The following are the important evo-

lutionary features. The caudal skeleton of

Maurolicus appears primitive and is similar

to the caudal skeleton of Vificiiiuerria as

illustrated by Weitzman (1967b). The
three sternoptychid genera are character-
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ized by a modification of the first neural

spine into a short triangulate, vertical

blade. The second neural spine often sup-

ports the first. In marked contrast, the

gonostomatid genera examined (also Vin-

ciguerria, see Weitzman, 1967b) show
little modification in this area, and the

first neural spine is elongate and forms an

integral part of the upper caudal lobe.

Stemoptyx shows a high degree of special-

ization with considerable reduction or

fusion of elements. Fohjipnus shares with

MaiiroVicus (and Vinciguenia) the lack of

fusion in hypurals 5 and 6. In some respects

Fohjipnus resembles the gonostomatid gen-
era examined in size and shape of the

uroneurals although, in general, it appears
similar to Argijropeleciis.

Axial skeleton (Figs. 8-11). While there

is a similarity in structure and appearance
of the vertebral centra in all genera ex-

amined, there are differences in neural and
haemal spine pattern and structure. Pos-

teriorly, the haemal and neural spine ar-

rangement is symmetrical in all cases. In

Maiirolictis and Valenciennellus both

spines are relatively long, unflattened, and

ta]:)ering. The sternoptychid genera show
a definite broadened and flattened con-

dition particularly evident at the distal end.

FoJijipnus and Argijropeleciis are alike in

this respect. Stemoptyx, with considerable

elongation of the posterior neural and
haemal spines, reflects an independent and

highly modified condition. Vincigucrria

(Ahlstrom and Counts, 1958) appears more
similar to Fohjipnus than either of the

gonostomatids examined.

Anteriorly, the symmetrical pattern of

haemal and neural spines continues in

Valenciennellus with no marked transi-

tional region. However, in Maurolicus and
the Sternoptychidae, there is an area of

transitional vertebrae which is peculiar.
There is a reduced, although fully formed,

plural rib-bearing member followed by a

number of characteristic haemal spines

which may or may not be arched. This

series of spines carries at least one pair

Figure 2. Post-temporal and supracleithrum: A. Argyropele-

cus aculeatus; B. Maurolicus muelleri; C. Valenciennellus

tripunctulatus; D. Polyipnus asteroides; E. Sfernopfyx pseud-

obscura. Abbreviations: PT ^ post-temporal; SCL =: su-

pracleithrum.

of greatly reduced or vestigial ribs. In

Maurolicus, the first arched haemal spine

is somewhat flattened distally. Polyipnus
and Argyropelecus show a marked broad-

ening of the distal end of these anterior

haemal spines, with an increase in length

proceeding posteriorly. Stemoptyx has a

shortened flat first haemal spine; however,
the posterior spines are elongate and not

characteristically flattened.

The neural spines posteriorly are long,

thin, and tapering in Maurolicus and

Valenciennellus. As before, the stenio-

ptychids show a broadened pattern vmlike

the above gonostomatids. Fohjipnus and

Argyropelecus are remarkably similar in

this region.
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The articulation of ribs is similar in all

species, as well as the presence of reduced

or vestigial pleural ribs, probably an in-

dication that many more centra were rib-

bearing in more primitive forms (see

Weitzman, 1967b: 518). Maurolicus has

a higher number of pleural and reduced

pleural ribs than the stemoptychids. The
latter are quite distinctly separated from

Maurolicus and Valenciennellus by the

presence of six or seven greatly broadened

and lengthened pleural ribs which form a

heavy protective cage around the now

expanded visceral cavity. The number of

abdominal vertebrae (the first caudal

vertebra is defined as the anteriormost

vertebra with a complete haemal arch) is

relatively constant in the Sternoptycliidae
at about eleven (one specimen of Polyipmis
asteroides had ten; Kotthaus (1967) re-

ports twelve for P. meteori). Sample sizes

were small, however.

Dorsal blade (Figs. 8-11). Weitzman

(1967b) reported that the anteriormost

pterygiophore of the dorsal fin consists of

at least two fused pterygiophores in

Vinciguerria. This same characteristic is

found in Maurolicus which, in addition,

has a number of pterygiophores that do

not bear fin rays anterior to the fused one.

The stemoptychids have this same basic

feature, but have further modified it into

essentially a "spinous dorsal." In Polyipnus,
the fused pterygiophore is extended above

the dorsal body surface and is spinose at

the distal end. The anteriormost pterygio-

phores are enlarged, and closer together
and more extensively allied to the support-

ing neural spines than they are in Mauro-
licus. These anterior pterygiophores be-

come even more enlarged and closely

allied, extend further above the dorsal

surface, and with the fused pterygiophore
form an extensive, sharp, dorsal blade in

Arg,yropelecus. Sternoptyx retains the

Maurolicus configuration anteriorly, but

the fused pterygiophore becomes consider-

ably extended and modified into a large

dorsal spine.

Pelvic fi,irdle (Figs. 8-11). In Maurolicus

(also Vinciiiuerria, Weitzman, 1967b), the

basipterygia are located even with or be-

low the ventral margin of the pleural ribs.

The paired basipterygia lie almost hori-

zontally above the ventral body surface

and are not closely joined to any rib ele-

ment. With the broadening and deepening
of the anterior thoracic region in the

stemoptychids, the pelvic girdle has be-

come a major structural element for the

midregion of the trunk. Polyipmis exhibits

a more intermediate condition than Ster-

noptyx and Argyropelecus. In the fonner,

the basipterygia are oriented at approxi-

mately 45° to the ventral body surface

and are located between the posterior-

most large pleural ribs. There is now a

relatively long ventral extension which
ends in a spine protruding below the

ventral body surface. The pattern becomes
more pronounced in Argyropelecus. In

this instance, the basipterygia are closely

allied to each other and to the posterior-
most large pleural rib. In some cases, the

basipterygia are fused (A. hemif.iymnus)
and the last pleural rib may become further

enlarged for support (A. aculeatus). The
ventral spiny process has also become more

pronounced. Sternoptyx exhibits essen-

tially the same evolutionary trend as

Argyropelecus, with the fused basipterygia

extending dorsally for a considerable

length along the pleural ribs.

Pectoral girdle (Figs. 8-11). The pec-
toral elements, their general location and

shape, are similar in all genera examined
and include a well-developed mesocoracoid

(see Weitzman, 1967b: 519). Polyipnus
and Argyropelecus have an extended pos-
terior flange of the cleithrum which pro-
tects and strengthens the pectoral area.

The ventral margin of this flange has a

characteristic spinose edge. The flange is

noticeably reduced in Sternoptyx.
A forked post-temporal and well-de-

veloped supracleithrum are present in all

genera (Fig. 2). Polyipnus and Argyro-

pelecus are unique in that these two bones
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lOP

Figure 3. Opercular Series: A. Maurolicus muelleri; B. Polyipnus asteroides; C. Sfernopfyx pseudobscura; D. Argy-

rope/ecus hemigymnus. Abbreviations: lOP = interopercle; OP ^ opercle; POP =^ preopercle; SOP == subopercle.
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Figure 4. Suspensorium: A. Polyipnus osfero/'des; B. Maurolicus muelleri; C. Sternoptyx pseudobscuro; D. Argyrope/ecus

hemigymnus. Abbreviations: ECT ^ ectopterygoid; HY := hyomandibular; IH z= interhyal; MES ^ mesopterygoid;

MET =: metapterygoid; PAL zz palatine; Q == quadrate; SY = sympiectic.

are fused. The post-temporal half of this

process extends posteriorly above the

dorsal body margin and bears spines. In

certain species of Pohjipntis these spines

may become quite elaborate. In Sternoptyx,
which has no such fusion, the post-

temporal is forked and enlarged, and the

\\'holc structure reflects a different evo-

lutionar)- development.

Opercular series (Fig. 3). There is a

classic opercular series present in the

genera examined, with an interopercle be-

low the ventral margin of the prcopercle.
There appears to be an evolutionary trend
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from Maurolicus through Polyipmts to

Argyropelectis. In Polyipmis, the inter-

opercle is similar in shape to Maurolicus,

but somewhat less broad. The preopercle
has developed a ventral spine. A reduction

in the anterior process of the interopercle,

which now covers only the posterior ven-

tral margin of the preopercle, may be

observed in ArgyropeJecus. The pre-

opercle, while similar in form to Polyipmis,
has a lateral spine in addition to the ven-

tral. Sternoptyx is somewhat indepen-

dently modified with elongation and re-

shaping of the opercle and preopercle. The

interopercle is similar to Argyropclecus,
and the preopercle has a single ventral

spine.

Upper jaw. The upper jaw, considering
its close relation to feeding ecology, is

somewhat similar in Maurolicus, Polyipnus,
and Argyropclecus. There are two char-

acteristically shaped supramaxillae, a well-

developed toothed maxilla and premaxilla.
The premaxillae have short ascending proc-
esses (as does Vinciguerria). The maxilla,

included in the gape to a small degree, is

markedly broadened posteriorly in Polyip-

mis, and the whole jaw apparatus reflects

a peculiar method of feeding. Sternoptyx
is quite different. In this instance the

maxilla is heavily toothed and the major

upper jaw bone in the gape. Tlie pre-
maxilla is small, although toothed, and has

no ascending process. The second supra-
maxilla has been lost.

Suspensorium (Fig. 4). There appears
to be a general evolutionary trend in the

Sternoptychidae in which the suspensorium
migrates from behind and slightly below
the posterior orbital region, ventrally and

anteriorly to a point directly below the

anterior half of the orbit. This trend can

be seen by examining the ratio of quadrate

length to hyomandibular length: Mauroli-

cus, 1:1.25; Polyipmis, 1:1.5; Argyro-

pclecus, 1:2.5; Sternoptyx, 1:7.4. The

metapterygoid bone is proportionately
smaller in Maurolicus and Polyipnus, and

the mesopterygoid is greatly enlarged in

D
Figure 5. Urohyal: A. Sternoptyx pseudohscura; B. hAaur-

olicus muelleri; C. Argyropelecus sladeni; D. Polyipnus

asteroides.

the latter. This again reflects the peculiar

jaw morphology in this genus.

Hyoid (Fig. 5). The most notable hyoid
featiu-e is the gradual reduction of the

platelike posterior extension of the urohyal
in the sternoptychids. Polyipnus illustrates

an intermediate condition, while Sternoptyx
and Argyropelecus show complete reduc-

tion to a Y-shaped bone.

Chondrocranium. The curvature of the

parasphenoid exhibits a continuous gra-

dation from a nearly horizontal position in

Maurolicus to the extreme right-angled
bone in Sternoptyx. The presence and de-

gree of ossification of the basisphenoid is

variable. It is well developed and has two

centers of ossification in Valenciennellus.

Only the dorsal ossification remains in

Maurolicus, while the bone is absent in

Argyropelecus. Polyipnus and Sternoptyx
have well-developed basisphenoid bones.

The neurocranium (Fig. 6) is generally

conservative when viewed as a whole. The

shape, relative size, and location of the

bones are similar in all genera examined.

Tlie neurocranium resembles Vinciguerria

(Weitzman, 1967b), especially in the gen-
eral shape and location of the sphenotics,

pterotics, and epiotics. Important features
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soc

Figure 6. Neurocranium (lateral view); A. Polyipnus asfero/des; B. Argyropelecus hemigymnus (frontals removed); C.

Maurolicus pennanfi; D. Sfernopfyx pseudobscura. Abbreviations: BOC ^:z basioccipifal; BS = baslsphenold; EOC =
exoccipital; EPO := epiotic; F rz frontal; HY =: hyomandibular; PA =^ parietal; PRO ^ prootic; PS ::= pterosphenoid;

PTO =: pterotic; SOC = supraoccipital; SPO =: sphenotic.

are: the epiotics meet below the supra-

occipital in sternoptychids, while there is

no tendency in this direction in Maurolicus

and Valenciennellus (Fig. 7); the presence
of well-developed parietals with dorso-

lateral ridges in sternoptychids, but not

in other genera examined; the presence of

a well-developed alisphenoid (pterosphe-

noid) bone in all genera; and tlie pro-

gressive tendency for the neurocranial axis,

as measured along the frontal, to assume a

more vertical configuration from Polyipmis
to Sternoptyx. There is considerable de-

velopment of the otic region in Polyipnus
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SBQ

Figure 7. Epiotic-Supraoccipital Relationship (posterior

view): A. Maurolicus muelleri; B. Polyipnus asteroides; C.

S/ernoptyx pseuc/ofascuro; D. Argyropelecus bemigymnus.

Abbreviations: EPO =^ epiotic; SOC = supraoccipital.

which contains pecuHarly shaped and very

large otoHths (Kotthaus, 1967).

Abdominal keel scales (Figs. 8-11).

Polyipnus and Argijropelecus have de-

veloped ossified plates (modified scales)

which form a keel and serve to give struc-

ture to the abdominal region and associ-

ated photophore groups. Several plates

appear posterior to the pelvic fins; most

are anterior to them. The plate size, niun-

ber, and distance between plates is less

well developed in Polyipnus. Stemoptyx
seems also to have a keel-like structure,

but this is not ossified. The gonostomatids
examined have little keel development and

no ossification in this region.

Anal pterygiophores (Figs. 8-11). In

stemoptychids, the anal pterygiophores
show a characteristic gap. Several pterygio-

phores are associated with and between

the same haemal spine forming a circular

gap. In this respect the P. spinosiis species

complex is the least well developed. In

the gonostomatids examined there is one

pterygiophore for each haemal spine with

no gap. The anteriormost anal pterygio-

phore possesses flangelike processes pro-

jecting laterally in Polyipnus, Stemoptyx,
and Maurolicus. The former two have, in

addition, pronounced ventral processes

lacking in Maurolicus. Argyropelecus has

no processes, although the anal pterygio-

phores are enlarged.

Photophores. The glandular nature and

pattern of photophores seem to indicate

some relationship among all genera studied.

The trend appears to be from a condition

of an essentially unbroken row of photo-

phores on the ventral body surface

(Maurolicus) to one in which this row is

broken both horizontally and vertically

(stemoptychids). As before, Polyipnus is

intermediate in this respect.

OSTEOLOGICALCONCLUSIONS

The osteological results lead to the fol-

lowing conclusions. The present definitions

of the family (e. g., Regan, 1923; Schultz,

1961; and Morrow, 1964) and included

genera are inadequate, often seriously in

error, and require revision. The Stemo-

ptychidae appear to be derived from some

antecedent of the primitive genus Mauro-

licus. The genera Stemoptyx, Argyro-

pelecus, and Polyipnus form a separate

taxon. Each of these genera has probably
been distinct for a long period, as each

shows a great deal of divergence and in-

dependent evolution.

From the evidence above there is little

doubt that the tsvo maurolicid genera and

the Sternoptychidae are closely related.

The traditional differences such as absence

of a mesocoracoid and alisphenoid (ptero-

sphenoid), curved parasphenoid, and even

the particulars of the dorsal blade have

been found to be, wholly or in part,

similarities rather than differences. Basic

differences do exist, however, and in gen-

eral follow from Hennann's original char-

acterization of the Sternoptychidae as fish

having a deep, highly compressed body
form. It is this striking evolutionary pat-

tern that gives rise to many of the follow-

ing character complexes which separate

the present Sternoptychidae from those

gonostomatids examined.

1. Modification of the first neural spine,

appearing as a short, triangulate, vertical

blade with further modification of the
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second neural spine to serve as a support-

ing element. (In the P. spinosus species

complex, the second neural spine resembles

the first.)

2. Characteristic broadening and flat-

tening of the haemal and neural spines in

the posterior caudal region.

3. The presence of six or seven large,

heavy, pleural ribs with relatively few

reduced or vestigial ribs. This includes a

low number (10-12) of abdominal verte-

brae.

4. Development of the dorsal pterygio-

phore system into a "blade" or spine.

5. A vertically oriented pelvic girdle,

the basipterygia bearing spines, sometimes

fused, and closely allied to the heavy

pleural ribs.

6. A preopercle with a well-developed
ventral spine.

7. A heavy, forked, post-temporal which

is fused to the supracleithrum in Argijro-

pelecus and Polyipnus, formmg a spiny
extension dorsally.

8. A progressive migration forward of

the suspensorium.
9. Reduction of the bony extension of

the urohyal.
10. Epiotics meeting below the supra-

occipital and the presence of well-de-

veloped, ridged parietals.

11. Presence of a well-developed ab-

dominal keel-like structure which is ossi-

fied in Argijropelecus and Polyipnus.
12. Presence of a circular gap in the

anal pterygiophore series, these pteiyg-

iophores being enlarged.
13. Presence of ventral processes on the

anteriormost anal pterygiophore in Ster-

uoptyx and Polyipnus.
14. Marked similarity of photophore

pattern and number.

Some of these character complexes are

not radically different from the gonosto-
matids examined, and there is a degree of

convergence and parallel evolution which

is difficult to appraise. Taken as a whole,

however, they strongly suggest that the

stemoptychid genera have reached a com-

mon evolutionary grade, typified by their

peculiar body form, and by which they
differ from the more generalized and

primitive maurolicid gonostomatids.
While acknowledging that the Sterno-

ptychidae are a specialized offshoot of

maurolicid or premaurolicid stock, for the

following reasons I do not feel justified in

combining the Gonostomatidae and Ster-

noptychidae as some have suggested.
The present family Gonostomatidae is an

unwieldy one which involves many diverse

types and requires extensive revision

(Weitzman, personal conversation). The

problem of gaps, their size and importance,
cannot be adequately answered without

further stud>- within the Gonostomatidae.

Osteologically, the Sternoptychidae have

reached an evolutionary grade peculiar to

themselves and one quite distinct in several

major ways from the gonostomatids ex-

amined. Using for a guideline the family

concept as it is generally employed by

Mayr, Linsley, and Usinger (1953), it ap-

pears that the Sternoptychidae do have an

ecological, or at least adaptive, distinctness.

The adaptive distinctness concerns the

peculiar body shape and its possible func-

tional significance. Tliere are at least two

major adaptive features involved. The
first deals with the ideas and evidence

presented by Denton and Nicol
(

1965
)

and

Nicol (1967) on the relationship between

silvery color and body shape in teleost

fishes. The midwater environment is one

in which the distribution of daylight is in-

dependent of the altitude of the sun and

cloudiness of the sky, and light distribution

is essentially symmetrical about a vertical

to the surface. Furthermore, the Sterno-

ptychidae have brilliant, silvery sides. All

fish species with these features so far

examined (Denton and Nicol, 1965; Nicol,

1967) have layers of reflecting platelets

\\'hich are oriented to make the fish as

invisible as possible. It may be assumed

that the same is true with hatchetfish.

Tliere is a change in reflectivity with body
rotation in the several Stemoptychid
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species examined. A silveiy fish which is

flattened laterally, having very little in-

clined ventral surface will approach the

ideal in camouflaging (see Denton and

Nicol, 1965: 717). The Sternoptychidae
could thus serve as a living model for such

a body fonn.

The second adaptive feature concerning

body shape is the development of heavy
structural ossifications and spines, espe-

cially the dorsal "blade." Spines have

developed in fish, presumably, for pro-

tection. The sternopt)'chids have several

extensive spine complexes: post-abdominal,

post-temporal, preopercle, and dorsal. The

spines are rigidly braced and the whole

body strongly ossified, resulting in a

compact rigid body shape. A spinous dor-

sal has developed somewhat analogous to

that of the higher Perciform fishes. This,

coupled with the expanded abdominal

region, results in a high length-to-depth
ratio

(
Table 1

)
.

In an environment populated by a host

of predators, many with special adap-
tations for ingesting large prey items, an

increase in the length-to-depth ratio of a

prey should be advantageous. A predator

nomially capable of swallowing Valen-

ciennelhis would require an approximate
threefold increase in mouth diameter in

order to accommodate A. hemigijmnus of

the same length (Table 1). Ossification

also takes place quite early. Juveniles or

prejuveniles of about 10 mmhave well-

developed spines and are ossified.

Pliylogenetic relationships. The question
of a monophyletic origin of the hatchetfish

is unanswerable. The three genera show
a great deal of divergence and independent
evolution even within genera. Using the

character complexes examined, some com-
ments about generic relationships can be

made, however.

The family appears primitive and prob-

ably originated from a i^remaurolicid an-

cestor, possibly something between the

very early Vinciguerria and Maiiroliciis.

Most of the characters examined could

have been derived from a form somewhat
intermediate to the above genera.

The genus Sternoptijx seems to have di-

verged quite early from the line or lines

leading to Pohjipniis and Argyropelecus.
It then continued to evolve independently,

resulting in the present highly specialized
form. In almost every case, Sternoptijx
shows marked differences. The presence
of a basisphenoid, the characteristically

shaped, enlarged, first anal pterygiophore;
the simple anterior, dorsal pterygiophores;

possibly the meeting of the parietals, and
the unfused post-temporal and supra-
cleithrum all appear primitive. These char-

acters are also shared with Polyipnus with

the exception of the unfused post-temporals
and meeting parietals. The presence of a

small premaxilla and large maxilla as the

major jaw bone in the gape are generally

regarded as primitive. However, jaws and
dentition have varied considerably in

gonostomatids (Grey, 1964), and this may
be a secondary phenomenon. The dis-

appearance of the anterior pedicels of the

premaxilla and loss of the second supra-

maxilla can be explained in the same way,

especially since the orbital region seems

to have undergone considerable expansion.
The resemblance of the urohyal to Argy-

ropelecus may again be the result of

parallel or convergent evolution involving

feeding ecology which is similar in these

genera.
Evolution from a premaurolicid ancestor

can be traced somewhat more directly in

the case of Polyipnus and Argyropelecus.

Polyipnus and Argyropelecus share several

character complexes: the characteristic

blade-shaped, caudal haemal spines; the

presence of the double pterygiophore as

the major element in the "blade"; the

presence of ossified, bony keel j)lates; the

fusion of the post-temporal and supra-

cleithrum; and separation of parietals by
the supraoccipital (known to be variable

in the Gonostomatidae). Polyipnus ap-

pears intermediate between Maurolicus

and Argyropelecus in several characters:
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Table 1. Body depth and standard length MEAsuIlE^'rENTS.

Family Species SL ( mm)

Maximum Body
Depth* ( mm)

Gonostomatidae

Stemoptychidae

Danaphos aculatus

Valenciennellus tripunctatiis

Argtjropelecus hemigymus
Argyropelecus hemigymmis

38.0

26.0

38.0

26.0

9.2

5.4

24.0

16.9

* Includes dorsal blade.

the axial skeleton in general; anterior dorsal

pterygiophore development; pelvic girdle

modification; evolution of the cleithrum,

first branchiostegal rays, and urohyal; the

opercular series, especially the preopercle
and interopercle; suspensorium develop-

ment; parasphenoid curvature, and pro-

gressive deepening and shortening of the

body with reduction in a long unbroken

series of ventral photophores. PoJyipmis
has characters that are not shared with

Argyropelecus in addition to those which
are shared with Sternoptyx. These include:

hypurals 5 and 6 unfused (3 and 4 also in

the P. spinosus complex); small, relatively

unmodified dentition; and, a urostylar
element with several unfused post-terminal
centra.

Polyipmis also has several highly special-

ized characters: the peculiar jaw morphol-

ogy; a greatly enlarged otic region with

characteristically shaped, large otoliths

(Kotthaus, 1967); and, the peculiar de-

velopment of the cleithrum (pectoral
shield ) .

The divergence of Polyipnus and Argy-

ropelecus has involved the continued evo-

lution of many intermediate characters

mentioned above. Other major develop-
ments in Argyropelecus are: fusion of

hypurals 5 and 6 and the post-tenninal

centra; the presence of seven rather than

six heavy pleural ribs; development of a

lateral preopercular spine (one species of

Polyipnus has this); development of a

fanglike dentition; loss of the basisphenoid;
loss of the flangelike process on the first

anal pterygiophore; and, the development
of telescopic eyes.

Because the number of character com-

plexes examined was limited, the suggested

phylogeny is only a tentative one. The

family consists of three divergent, inde-

pendently specialized genera. Polyipnus

ajDpears the most primitive, Sternoptyx the

most highly specialized and the most diffi-

cult to place, while Argyropelecus falls

somewhere in between.

THE FOSSIL RECORD

The earliest reported stemoptychid fossil

is from the Eocene of the Dabakhan beds

of Georgia, USSR ( Daniltshenko, 1962).
Tlie fossil, Polyipnoidcs levis, is not well

preserved and many important characters

cannot be appraised. It does have long

pleural ribs and a characteristic broadening
of the body anteriorly. Tlie post-temporal,

however, is unlike any modem stemopty-
chid. The dorsal "blade" or pterygiophore

development is absent and the jaws seem
more gonostomatidlikc, although this is

difficult to determine with certainty. The
neural and haemal spines show little char-

acteristic flattening, and the frontals do
not exhibit the heavy development char-

acteristic of the hatchetfish. Consequently,
it appears that while this fossil could be a

proto-stemoptychid fish, I cannot accu-

rately place it with the present Stemopty-
chidae or Gonostomatidae.

Polyipnus sobnioviensis was reported
from the Jaslo shales of Poland (Jerz-

maiiska, 1960; Jerzmanska and Jucha, 1963)
and dates as late Eocene-early Oligocene.

Enlarged pleural ribs with a general broad-

ening of the body anteriorly are present in

this species. Pterygiophore development
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anterior to the dorsal fin rays is definite, above the dorsal fin origin, low; last pleural
and there is evidence of very slight, dorsal rib only slightly reinforced; anterior haemal
blade development. Some photophore spines not greatly flattened, postabdominal

groups conform roughly to modem Poly- spines short, symmetrical, not markedly

ipmis, although the fossil supra-abdominal curved; transitional vertebrae two in num-

group is more numerous. The cleithrum ber; anal pterygiophores relatively simple,

displays the marked ventral curve typical not markedly broadened at distal end; anal

of the Stenioptychidae and the maurolicid- pterygiophore gap contains t\vo haemal

gonostomatids. There is, however, little spines; number of anal pterygiophores be-

flattening of haemal and neural spines. The fore gap, seven, after gap, four to five;

pelvic girdle, while partially vertical, is hypurals 1 and 2 separate; number of

still below the rib line, and the body shape, vertebrae from posterior margin of dorsal

while somewhat broad, is more similar to blade to last neural spine, 29.

the maurolicid gonostomatids. Tliere is no

spine on the preopercle, the orbit shows no Fossil B (Figure 13)

great expansion, and there are no signs of
. , r,. -i t-. i * i

keel plates. Tliis fish, while it has some Description. Similar to Fossil A above;

sternoptychid characters, appears essen- f
^™ber of vertebrae from dorsal blade to

tially to be maurolicid-gonostomatid. Con- ^^'^ "^^^^1 spine 30; hypurals 1 and 2

sequently, its place in the genus PoZy^-pm/s
separate; postabdommal spines simple,

is questionable, although it may be near symmetrical; posteriormost pleural ribs not

the basal stock which gave rise to modem greatly enlarged,

hatchetfishes.

Pauca (1931) described Stemoptyx Fossil C (Figure 14)

prisca from the lower Oligocene deposits Description. SL 60 mm, body depth 40
of Piatra Neamt. The presence of a well- mm; number of vertebrae from posterior

developed dorsal "blade," heavy cleithmm, dorsal blade to last neural spine 26, pos-
and pleural rib characteristics place it in

sibly 27; both abdominal and trunk regions
the genus Argyropelecus. If the dating is

greatly broadened; hypurals 1 and 2 fused;

correct, it represents the earliest known anterior haemal spines broad, flat, blade-

fossil of this genus. lilce; distal end of anal pterygiophores
By Ohgocene, and certainly by Miocene broad, gap well developed, circular, and

times, several examples of the genus includes two neural spines.

Argyropelecus were evident in Tethys Fossils A and B are indistinguishable in

deposits of Europe (Arambourg, 1929; both key characters and meristics from the

Daniltshenko, 1960), and in various de- modem species A. affinis (Fig. 15) and

posits of California (David, 1943). All of can be assigned to this species complex,
these fossils clearly represent members of Fossil A seems broader than the modern
the above genus, and A. logearti (Aram- form, but the fossil appears distorted ven-

bourg, 1929) appears to be closely related
trally and there are no other obvious dif-

to the modern A. hemigymniis. ferences.

In the present study, three remarkable Fossil C is a member of the A. lychnus
fossils from Miocene deposits in California complex (Figs. 11 and 16). Osteologically
were examined and compared with modern there is little difference between A. olfersi

relatives. and A. lychnus. However, the fossil has

a relatively low dorsal blade, measured
Fossil A (Figure 12) from the origin of the dorsal fin rays, a

Description. SL 50 mm, body depth 26 characteristic of A. lychnus (Fig. 16). The

mm; dorsal blade from its extension second transitional vertebra of Fossil C
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Key to the Genera of Sternoptychidae

la. Abdominal photophores 12; telescopic, dorsally oriented eyes; several dorsal pterygio-
phores fomi extensive blade anterior to dorsal rays genus Argijropelecus {-p. 31).

b. Abdominal photophores 10; eyes normal; dorsal blade consisting of only one or two
spines from a single or two fused pterygiophores 2

2a. Anal photophores 3; no supra-abdominal photophores; single large dorsal spine with
anterior serrate extension; first anal pterygiophore greatly enlarged, supporting tri-

angulate transparent membrane above anal fin rays genus Sternoptyx (p. 67).
1). Anal photophores 6 or greater; 3 supra-abdominal and a lateral photophore; dorsal blade

reduced; no large transparent membrane above anal fin rays genus Poltjipmis (p. 79).

has a pair of vestigial ribs whereas the one time also. Many modern gonostomatid
modem A. hjchnus examined does not. genera were present during that time, and
One of the specimens of A. olfersi ex- Miocene faunas have distinctly modem
amined has small vestigial ribs on this resemblances (David, 1943; Grey, 1964;
vertebra; otherwise, all of the fossil char- Crane, 1966; Daniltshenko, 1960). The
acters and vertebral counts are identical to salmonoid-derived midwater fauna appears
these modern species. Fossil C is probably to have replaced earlier forms during the
A. hjchnus or at least its immediate prede- early Tertiary, and it remains the dominant
cessor. element today.

By mid-Miocene times evolution within
the genus Ar^ijropehciis was essentially SYSTEMATICS
complete and species distributions show
modem characteristics. This genus with '^^'^''y STERNOPTYCHIDAE

its many specializations must have origi- ^/P® Genus: Siernopiyx Hermann 1781

nated by the late Eocene at the latest and
Diagnosis. Neural spine of first pre-

possibly as far back as the Paleocene or terminal vertebra vertically oriented,
late Cretaceous.

broadened, with triangulate paddle shape,
Durmg or prior to the early Cretaceous, no fin rays attached; second preterminalsome members of the early salmonoid vertebra modified for support of first (ex-

fishes began to adapt to a deep water
eept F. splnosus complex); basiptervgia

envn-onment. After the basic adaptations verticallv oriented, spine bearing, con-
to this environment were acquired (at tained dorsally within, and closely joined
latest mid-to-late Cretaceous) there was to the ventral margin of the posterior
considerable stomiatoid radiation which

pleural ribs; pelvic fin ravs xertically
continued into the late Eocene to early oriented; six to se\'en i^leural ribs enlarged
Ohgocene. This radiation led to many to form an expanded rib cage; epiotics
diverse forms, of which the maurolicid- meet below supraoccipital; parietals well
gonostomatids ^^'ere one. Within the latter, developed, bearing dorsolateral ridges; one
an ancestor, possibly resembling P. sohnlo- or more dorsal pterN giophores enlarged to
viensis, gave rise to a form or series of form blade or spinelike extension anterior
forms with many features of the modem to dorsal rays; anal ptervgiophores form
genus Pohjlpmis. From this basic stock the characteristic gap below anal photophoremodern genera evolved, conceivably quite group; preopercle bearing well-developed
rapidly. By the Miocene, evolution was ventral spine.
practically complete in the specialized Description. Bright silverv colored,
Argyiopclcciis and possibly the other small fishes; standard length usually less

genera as well. The stomiatoid-gonosto- than 90 mm; body deep" strongly com-
matid radiations of the early tertiary show pressed; bony scalelike plates forni keel
evidence of being fairly complete by that below ventral photophore groups (except
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PTO

PRO

Figure 17. Photophore and spine characteristics: top
—Po/yipnus; bottom —Argyropelecus. Abbreviations —photophores:

see p. 6; spines: DB = dorsal blade; PAS ^ postcbdominal spine; PTS z= post-temporal spine.

Sternoptyx); 10-12 abdominal, and four muscular stomach, five or more plyroic

subcaudal photophores always present (see caecae, and short straight intestine; eyes

Figs. 17 and 18 for photophore and spine large, well developed; gape vertical; adi-

characteristics ) ; nasal lamallae well de- pose fin usually present; scales thin or

veloped; digestive tract simple, with thick absent except along ventral surface; swim



Marine Hatchetfishes • Baiid 31

Figure 18. Photophore characteristics: genus Sternoptyx. Abbreviations: see p. 6.

bladder present ( see above for osteological

description )
.

Genus ArgyropeJecus Cocco, 1829

Argijropelecus Cocco, 1829: 146 (type species:

ArgyropeJecus hemigijmnus Cocco, 1829, bv

monotypy ) .

Fleurothysls Lowe, 1843: 64 (type species: Sterno-

ptyx olfersi Ciivier, 1843, by original designa-
tion ) .

Sternoptychides Ogill^y, 1888: 1313 (type spe-
cies: Sternoptychides amahUis Ogilby, 1888, by
monotypy ) .

Diapiosis. Twelve abdominal, six supra-
abdominal and two suprapectoral photo-
phores; eyes telescopic, dorsally oriented;
frontal ridges compressed dorsally above

eyes; basisphenoid absent; several teeth

directed anteriorly on posterior maxillary

margin; dorsal "blade" consisting of several

broadened pterygiophores anterior to dor-

sal rays; seven enlarged pleural ribs.

Description. Photophorcs: PO 1; PTO 1;

BR 6; I 6; AB 12; PRO1; so 1; SP 2; SAB

6; PAN 4; AN 6; SC 4 (for anatomical

details see Brauer, 1908; Bassot, 1966).

Spines: Post-temporals extended pos-

teriorly to form a small spine; preopercle
bears one ventrally and one posteriorly
directed spine; retroarticular bears ven-

trally directed spine; basipterygia extended

ventrally bearing one or two postabdominal
spines; cleithrum extends ventrally form-

ing preabdominal spine; spiny scales

present in adults of some species below
subcaudal and preanal photophorcs.

Eyes: Large, well developed, telescopic,
lens dorsally oriented, fitting into dorsal

grooves in the frontal bone.

Gill Rakers: Total 15-24; rakers well

developed with rough toothlike surface;

epi- and ceratobranchials bear well-de-

veloped spines on internal surface.

Jaws and Dentition: Jaws somewhat

vertically oriented; premaxilla well de-

veloped, toothed, and majoi- upper jaw
bone in gape; maxilla also somewhat in-
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eluded in gape, toothed, the posteriormost
teeth eurved markedly forward; lower jaw

sturdy, heavily toothed, oecasionally with

large eanines; dentition eonsisting of multi-

rowed single cusped, curved caninelike

teeth; palatine teeth present, often well

developed; epibranchial of third and fourth

arch extends ventrally and laterally to form

toothed plates.

Meristies: Vertebrae 35-40; C. 9+10;
D. 8-10; A. 6-8 + 5-6.

Color: Bright silvery in life, quickly lost

in formalin preservative; dark pigmenta-
tion often striated posteriorly; stable for

long periods in preservation.
Internal Anatomy: Relatively thin-walled

swim bladder (see Marshall, 1960) and

gas gland well developed; digestive tract

simple, consisting of heavily pigmented,
double compartmented stomach; the an-

terior internal lining very thick walled and
covered with rasping tubercles; posterior

lining thin and distensible, five to seven

thick-fingered pyloric caecae, large liver,

and a short straight intestine; caelomie

cavity lined with heavily pigmented mem-
brane; gonads when mature fill the dorsal

and lateral posterior half of the body
cavity; nephritic tissue moderately well

developed.

Species complexes. There has been sub-

stantial radiation within the genus and
even to some extent within the species

complexes. The A. af finis complex appears
to be the most primiti\'e and other forms
can be derived from it. Primitive char-

acters of this complex include: three

hypural elements in lower caudal lobe;

posterior ventral photophores in an almost

unbroken series; glandular photophore ar-

rangement simple, the posterior photo-

phores not joined in glandular clusters;

little reinforcement of posteriormost pleural

rib; body not markedly deepened ante-

riorly; basipterygia lacking support ami for

keel plates; generally unspecialized axial

skeleton, including lack of marked broad-

ening of anterior haemal spines; vertebral

number 38-40.

The more advanced members of the

genus are characterized by two hypural
elements in the lower caudal lobe; pos-
terior photophores joined into distinct

glandular clusters; a general deepening of

the anterior body region with subsequent
reduction in vertebral number; increased

complexity of structural ossification espe-

cially in the axial skeleton, including a

marked reinforcement of the last large

pleural rib, and a keel supporting ex-

tension on the left basipterygia.
A. he mi [1,1/771)1 lis appears slightly more

primitive than the A. h/climis complex and
is highly specialized. Important characters

include: primitive transitional vertebrae

(like A. af finis):, dwarfism (maximum
length 38-40 mm); fused basipterygia

forming single postabdominal spine; 38

vertebrae; epiotics with dorsal extensions

(Fig. 7); peculiar dorsal blade shape,
often \\'ith supplementary spiny spurs on

the major element.

The most specious group, the A. hjchmis

complex, shows a high degree of structural

ossification in the axial skeleton, including
the dorsal and anal pterygiophore systems;
some species have developed long, fang-
like canines in the lower jaw; there is a

marked deepening of the anterior body
region with reduction in vertebral number.

Key to the Species of Argijwpelectis

la. Snpra-abdominal, pieanal, anal, and subcaudal photophores in a nearly continuous

straight line; subcaudal photophores separate, an appreciable gap between each photo-
phore; .3 separate hypural elements in lower caudal lobe A. affinis complex 3

b. Supra-al)dominal, preanal, anal, and subcaudal photophores not in a continuous straight

line; subcaudal photophore group in a single glandular cluster, no appreciable gap be-
tween each photophore; two separate hypural elements in lower caudal lobe 2
A single posteriorly directed, serrate postabdominal spine; gap between anal and sub-

caudal photophore groups greater than 2.2 times gap between preanal and anal groups;
dorsal rays 8 A. heiiiigyiuiius (id. 42).

'Sa
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b. Two separate postabdominal spines; anal subcaudal gap less than 2.0 times anal-pre-
anal gap; dorsal rays 9 A. lijchntis complex 4

3a. Dorsal blade low, its height less than one-third its length; body margin not markedly
raised posterior to dorsal blade; ventral keel scales do not extend far below abdominal

photophores; no laterally directed sphenotic spine near dorsal, posterior edge of orbit

A. affinis (p. 34 ) .

b. Dorsal blade high, its height greater than one-third its length; body margin markedly
raised posterior to dorsal blade; ventral keel scales extend well below alsdominal photo-

phores forming flaplike process; prominent laterally directed sphenotic spine near dorsal,

posterior edge of orbit A. gigas (p. 38).

a. b.

4a. Posterior postabdominal spine directed posterioventrally and markedly larger tlian the

anterior; anterior margin of posteriormost abdominal keel scale slants markedly forward;
standard length less than 3.4 times body depth; pair of enlarged canine teeth present in

lower jaw; subcaudal spines present A. aculeatus (p. 48).
h. Both postabdominal spines of about equal length and size; anterior margin of posterior-

most abdominal keel scale almost vertical; SL greater tlian 3.5 times body depth; pair of

enlarged canines may or may not be present in lower jaw; subcaudal spines may or

may not be present 5

5a. Pair of enlarged canine teeth in lower jaw; sharply pointed anteriormost postabdominal

spine curved markedly and evenly forward; upper preopercular spine short, not extend-

ing much beyond posterior border of preopercle; outermost tips of dorsal and ventral-

most caudal rays streaked with dark pigment (fish greater than 35 mm) - —-

A. olfersi (p. 52).

b. No pair of enlarged canines in lower jaw; anteriormost postabdominal spine squared or

blunt (except very small individuals), not curving evenly foi^ward; upper preopercular

spine extends well beyond posterior border of preopercle; no pigment on outermost

caudal rays 6
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fia. Dorsal blade low, blade height less than 2.5 mmfor SL 25-50 mm, less than 3.1 mmfor

SL 50-70 mm; body narrow (see regression, body depth, Table 11); no spines on

scales below subcaudal photophores; dark well-developed pigment spots fonn line along

posterior midline ( especially in smaller sizes ) ; upper preopercle spine usually ciuved

dorsally, never ventrally —. A. .sladeni (p. 56).

b. Dorsal blade high, blade height greater tlian 2.7 mmfor SL 25-50 mm, greater than

3.8 mmfor SL greater than 50 mm; body robust (see regression, body depth, Table

14); spiny scales present below subcaudal photophores (fish greater than 30 mmSL);

pigment spots minute along posterior midline; upper preopercle spine usually ciuved

ventrally, never dorsally A. hjchnus (p. 63).

a.

Argyropelecus affinis Garman
Figure 19

Argyropelecus affinis Garman, 1899: 237 (holo-

type USNM 44593; tropical North Adantic;

not seen); Brauer, 1901: 120; 1906: 103 (fig.

larvae); Regan, 1908: 218; Barnard, 1925: 153;

Norman, 1930: 301 (fig.); Jespersen, 1934: 15

(fig.); Fowler, 1936: 221; Beebe, 1937: 201;

Parr, 1937: 49; Norman, 1939: 19; Nybehn,
1948: 23; Misra, 1952: 367; Smith, 1953: 102;

Haig, 1955: 321; Fowler, 1956: 67; Schultz,

1961: 597 (fig.): Bahamonde, 1963: 83;

Blache, 1964: 71 (fig.); Schultz, 1964: 241

(fig.); Backus et al., 1965: 142; Bussing, 1965:

185; Bright and Paquegnat, 1969: 27.

Argyropelecus pacificus Schultz, 1961: 599 (fig.);

1964: 241; Berry and Perkins, 1965: 625;

Lavenberg and Ebeling, 1967: 185.

Species distinction. Differs from A. gigas

(in addition to key characters) by its nar-

rower body depth and trunk (see regres-

sion, body depth. Tables 2 and 3); less

distinct trunk striations; relatively longer

teeth in lower jaw; less well-developed

post-temporal spines; smooth dorsal body
surface; and less well-developed neuro-

cranial crests (frontals, sphcnotics, and

parietals ) .

Description. D. 9; A. 12-13; P. (10) 11;

total gill rakers 18-22; vertebrae 38-39

(40).

Medium size species rarely exceeding
70 mmSL; body more evenly tapered than

others in genus; body depth at end of

dorsal greater than 3.5 times into SL;

caudal peduncle long and narrow, its depth
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Figure 19. Argyropelecus altinis; R/V CHAIN, Cruise 60; Station 1257; SL 51 mm.

less than length of siibcaudal photophore opercle spine directed latero-anteriorly;
group; dorsal spine low, its height less ventral preopercle spine long, curved an-
than one-third its length; post-temporal tcriorly; jaws large; teeth short, recurved,
spine short; postabdominal spines of equal better developed in lower jaw; gill rakers

size, with no marked curving; dorsal pre- long, closely set; in preservative, trunk

Table 2. Regression statistics for various populations of A. affinis.

Character

Indian Ocean (5°-12°N, 160°-168°E)

Body depth
Jaw length

Gtilf of Guinea

Body depth
Jaw lengtli

Jaw width

NWAtlantic (30°-33°N, 73°-78°W)
Body depth
Jaw length

Jaw width

S£ Pacific (Chile)

Body depth
Jaw length

NE Pacific (California)

Body depth
Jaw lengtli

Regression

-1.83

-0.78

-2.44

-0.27

-0.23

2.59

-0.78

-1.35

0.55

0.64

-1.02

0.27

0.49
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Figure 21. Diurnal vertical distribution of A. alfinis determined by rate of capture with depth during the day (D) and

night (N). A = Pacific (California); B = Pacific (Chile]; C = Gulf of Guinea; D = Gulf of Mexico and Caribbean.

region exhibits cross pigment striations

with well-defined, midlateral line.

Distribution. Horizontal distribution

(Fig. 20): Taken abundantly in the Gulf

of Guinea, off California, Chile, and in the

northern Indian Ocean; moderate catches

are recorded from the northern Gulf of

Mexico and the coast of Venezuela in the

Caribbean; smaller catches w^iich may rep-

resent possible populations are recorded

southeast of Hawaii, south of Java, and off

the southeast coast of the United States;

scattered samples representing this species

appear in the Bay of Bengal, Gulf of Aden,

tropical Atlantic, and off the southeast

coast of Brazil. (Additional records: At-

lantic, occasional catches between Azores

and Madeii-a; Pacific, moderate catches

near coast of northern Peru.
)

Vertical distribution (Fig. 21): Appears
concentrated between 350 m and 600 m
by day with the highest concentrations in

the vicinity of 400 m; by night the dis-

tribution is somewhat more shallow, major
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Figure 22. Geographic variation in gill raker number in

A. affinis. A := Gulf of Guinea; B ^ Caribbean; C ;=

Indian Ocean; D = Pacific (Chile); E = Pacific (Cali-

fornia); F = NWAtlantic (NW Atlantic pocket). Numbers

refer to sample size.

concentrations occnning from 170 m to 400

m. With the possible exception of the

Gulf of Guinea, there are no indications of

marked geographic variation in depth dis-

tribution, although Appendix C indicates

slightly shallower daytime depths off Cali-

fornia than in the tropical Atlantic.

Geo<irap]uc variation. Five separate

populations could be recognized and are

identified and statistically defined in

Figures 22 and 23 and Table 2. Regression

sample sizes are small in the Atlantic.

Figure 23 indicates positional variation in

body depth even though there is no sig-

nificant difference in slope.

Argyropelecus gigas Norman

Figure 24

Argyropelecus gigas Norman, 1930: 302 ( Iiolo-

type BMNH 1.12.329; Gulf of Guinea; not

seen); Jespersen, 1934: 15 (fig.); Fowler,

1936: 1208; Parr, 1937: 49; Maul, 1949a: 17

(fig.); 1949b: 13; Koefoed, 1961: 3; Schultz,

1961: 600 (fig.); 1964: 241 (fig.); Blache,

1964: 71 (fig.); Backus et al, 1965: 129;

Bright and Paquegnat, 1969: 28.

3

B
D

2D

B Q
SL

Figure 23. Geographic variation in the regression of body depth (BD) on standard length (SL) in A. affinis. A

(California); B = Pacific (Chile); C = NWAtlantic; D = Gulf of Guinea; E = Indian Ocean.

=: Pacific
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A

B

C

D

I 8 20 22

Figure 27. Geographic variation in gill raker number in

A. g/gos. A ^ NE Atlantic; B =:: Gulf of Guinea; C ^
Indian Ocean; D rr Pacific (Cfiile). Numbers refer to

sample size.

tive pigment in small spot.s along midline;

very heavy mncoid secretion often present.

Distribution. Horizontal distribntion

(Fig. 25): Althongh occurring in all oceans

except the North Pacific, this species ap-

pears quite restricted locally. It is taken

in abundance in the Gulf of Guinea, in the

eastern North Atlantic off North Africa

and southern Spain, in the northern Gulf

of Mexico, and off Chile in the South

Pacific; small catches of this species are

recorded along longitude 67°E from the

equator to 40°S in the Indian Ocean, across

the South Pacific between 35° S and 50° S

from Chile to New Zealand in the South

Pacific, and between New York and Cape
Cod in the North Atlantic. Additional

records: 36°35'S, 95°28'E.

Vertical distribution (Fig. 26): Con-
centrated between 400 m and 600 m; no

indication of diurnal vertical movement or

marked geographic variation in depth dis-

tribution.

Geographic variation. While having the

most disjunct horizontal distribution in the

family, this species shows the least vari-

ability in the characters measured (Fig.

27, Table 3). Sample sizes in most cases

were quite small, and increased sampling
and the use of other characters may re-

sult in better population definition.

Argyropelecus hemigymnus Cocco

Figure 28

Ar<iyropclecii.s hcmigijtnmis Cocco, 1829: 146

(holotype unknown; Mediterranean, Messina);

Alcock, 1896: 331; Jordan and Evermann, 1896:

Table 3. Regression statistics for various populations of A. gigas.

Regression

Character

Gulf of Guinea

Body depth
Jaw length

Jaw width

NE Atlantic (37°N, lO-^W)

Body depth
Jaw lengtli

Jaw width

Indkin Ocean (0°-40°S, 167°E)

Body depth
Jaw length

SE Pacific (Chile)

Body depth
Jaw lengtli

0.65

0.71

-0.33

-4.42

0.23

-1.36

-0.60

0.39

-2.21

-0.71

0.50

0.21

0.14

N

0.58

0.22

0.16

N

0.54

0.22

N:

0.54

0.24:

N:

.131

.055

.040

10

.104

.044

.029

14

.332

.137

5

.155

.068

9
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igure 28. Argyropelecus hemlgymnus; R/V CHAIN, Cruise 60; Station 1299; SL 30 mm.

604; Handrick, 1901:

system, light organs ) ;

1 ( anatomy, nervous

Collett, 1903: 108;

Ledenfeld, 1905: 170 (light organs); Braner,

Regan, 1908: 218;

( lai^vae, fig. ) ; Ziig-

and Byrne, 1913: 21

1906: 106 (larvae, fig.)

Ehrenbaum, 1909: 357

mayer, 1911: 52; Holt

(larvae, fig.); Jespersen, 1915: 6; Jespersen
and Taning, 1919: 220 (lai-vae, eye muscles):

Nusbaum-Hilarowicz, 1923: 10 (anatomy):

Barnard, 1925: 153; Jespersen and Taning,
1926: 59; Sanzo, 1928: 50 (eggs, larvae),

Norman, 1930: 301; Borodin, 1931: 44 (eggs,

larvae); Jespersen, 1934: 15 (larvae, fig.):

Buen, 1935: 52; Fowler, 1936: 1208; Beelie.

1937: 201; Parr, 1937: 49 (spines); Norman,
1937: 82; 1939: 19; Nybehn, 1948: 23; Maul,

1949b: 13; Misra, 1952: 367; Smith, 1953: 102;

Kotthaus and Krefft, 1957: 3; Peres, 1958: 4

(bathyscaphe); Koefoed, 1961: 5; Schultz, 1961:

601; 1964: 241; Blache, 1964: 71; Backus et

al., 1965: 139; Kotthaus, 1967: 22 (photo,

otoliths); Bright and Paquegnat, 1969: 28.

Argijropelccus d'uiviUi Valenciennes, in Cuviei

and Valenciennes, 1849: 405; Goode and Bean,
1896: 127.

\rp,\)vovelccus intermedins Clarke, 1878: 248;

Schultz, 1961: 587; 1964: 241; Blache, 1964:

71; Berry and Perkins, 1965: 625; Kotthaus,
1967: 11 (photo.); Lavenberg and Ebeling,
1967: 185.

Argyropelectis heathi Gilbert, 1905: 601; Fowler,
1949: 42; Haig, 1955: 321.

'

Species distinction. Differs from all other

species in genus by its narrow trunk, single

postabdominal spine, small size, minute

teeth, presence of only eight dorsal and

eleven anal rays.

Description. D. 8; A. 11; P. 10-11; total

gill rakers (18) 19-23 (24); vertebrae (36)
37-38.

Dwarf species rarely exceeding 38 mm
SL; trunk very long and narrow; its depth
at origin of anal photophores three or more
times into greatest body depth, subcaudal

photophores well separated from anals;

dorsal spine medium-to-high, its height
often exceeds its length; post-temporal

spines well developed; postabdominal

spines fused to form a single spine com-

plex; lower preopercle spine directed ven-

trally, the upper posterio-dorsally; jaws

medium; teeth small to minute; gill rakers

long and numerous; in preservative ab-

dominal region dark, trunk pigmentless
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Table 4. Comparisons of regression statistics for three populations of A. hemigymnus. Re-
gression A refers to pigment form a (see text); Regression B refers to pigment form B. NS

INDICATES no SIGNIFICANT DIFFERENCEBETWEENTHE SLOPES OF THE TWOREGRESSIONSINDICATED.



Marine Hatchetfishes • Baird 45

o

_Q
E

o
CD

O
U

<
E

o

E

'a

c
o

O
X



46 Bulletin Museum of Comparative Zoology, Vol. 142, No. 1

consistent sorting out over the range of

variability of any one form in any char-

acter. Analysis of diurnal depth distri-

butions revealed a marked sorting out of

pigment types with form A most numerous

during the day while form B was pre-

dominantly caught at night (Table 5).

Distributions from which Table 5 was com-

piled were chosen from areas where this

species appears to occur throughout the

horizontal sampling space. It is concluded

that these two forms represent pigment
states of the same species whose states can

be varied individuallv.

Recently Badcock
(

1969
) reported diel

color variation in several mesopelagic
fishes (including A. hemigymnus) and at-

tributed it to a correlation with ambient

light conditions. This appears to be the

case in Argyropelecus hemigymnus. There

are two anomalies, however, which raise

some interesting points. First is the occur-

rence, occasionally in great numbers, of

the day form at night and the night form

during the day. Second is the relatively

rare occurrence of form B in the tropics
and its apparent absence from the Medi-

terranean (over 300 specimens examined).

Tropical submergence is present in this

species (see below) and may help explain
the rareness of form B in the tropics.

Nevertheless, there is considerable com-

plexity in the depth distribution of this

species and if the pigment change is sen-

sitive to small differences in ambient light.

it may be used as an indication of seasonal

or geographical changes in depth distri-

bution, changes in sea water turbidity, or

of other correlated information.

Distribution. Horizontal distribution

( Figs. 29 and 30
)

: Occurs in the South

Atlantic around the Falkland Islands and

abundantly off the southeast coast of

Brazil; a scattering of catches along lati-

tude 35° S to the Cape of Good Hope sug-

gests a broad distribution across the South

Atlantic; occurs in small catches along the

southwest African coast, appears absent

in the Gulf of Guinea, but occurs in the

western tropical Atlantic; is taken in moder-
ate numbers in the Caribbean and Gulf

of Mexico and abundantly in the western

Atlantic; is abundant across the North
Atlantic and the eastern North Atlantic as

far south as the Cape Verdes Islands; it

represents the only species of this fam-

ily in the Mediterranean, where it oc-

curs abundantly in the western basin;

scattered moderate-to-small catches are

present from 5°N to I2°S latitude in the

central Indian Ocean, and another popu-
lation is scattered from 20° S to 40° S with

several small catches reported from the

southeastern and southwestern Indian

Ocean; a single catch off the Philippines,
another at 42°N, I69°E, and small catches

from the Banda Sea and near Hawaii

represent this species in the west and cen-

tral Pacific; large populations occur off

California and Chile; it is taken abun-

dantly across the Southern Ocean from 35°-

55°S latitude from Chile to New Zealand;
taken in small numbers in the Tasman Sea

and off Sidney, Australia.

Vertical distribution (Figs. 31 and 32):
Occurs from 200 m to 700 m by day with

the greatest concentration l)etween 350-

550 m; occurs from 100 m to 650 mby night
with concentrations between 150-380 m;

tropical submergence indicated in the Gulf

and Caribbean by examining number of

catches above 200 m (Appendix B) com-

pared with the North Atlantic; by day it

appears to concentrate at about 550 m in

the Sargasso Sea (Dr. James Craddock,

WHOI, personal conversation).

Geographic variation. At least seven dif-

ferent populations could be discerned and

are identified and statistically defined for

a number of characters in Tables 4 and 6

and Figures 33 and 34. Small samples
from the central Pacific and Cape Verdes

Islands may indicate separate populations
also. Broad variations in slope between

several populations were noted and these
'

were tested for statistical significance

(Table 7) indicating considerable world-

wide variability and distinct population



Marine Hatchetfishes • Baird 47

s
o

E

E
>^

i
(U

c
o

o
I



48 Bulletin Museum of Comparative Zoology, Vol. 142, No. 1

aO
B D

C O

•

E <r

F •

F ISH H R

Figure 31. Diurnal vertical distribution of A. hemigymnus, pigment form A, determined by rate of capture with depth

during the day (D) and night (N). A ^ Pacific (California); B = Southern Ocean; C = SW Atlantic; D = Gulf of

Mexico and Caribbean; E ^ N Atlantic; F == NE Atlantic.

characteristics; dorsal blade height and gill

raker number differences (Figs. 33 and

34) further emphasized the disthictness of

populations in this species.

Argyropelecus aculeatus Valenciennes

Figure 35

Argyropelecus aculeatus Valenciennes, in Cuvier

and Valenciennes, 1849: 406 (holotype
MNHNP1817; Azores; not seen); Giintlier,

1864: 384; Sauvage, 1891: 483; CoUett, 1903:

108; Brauer, 1906: 110; Regan, 1908: 218;

Jespeisen, 1915: 11; Norman, 1930: 301;

Borodin, 1931: 68; Jespersen, 1934: 15; Beebe,

1937: 201: Bertin, 1940: 314 (holotype); Maul,
1949a: 17; Misra, 1952: 367; Bigelow and

Schroeder, 1953: 149; Koefoed, 1961: 7;

Schultz, 1961: 607; 1964: 241; Backus et al.,

1965: 139; Kamohara and Yamakawa, 1965:

22; Bright and Paquegnat, 1969: 29.

Argyropelecus olfersi: Goode and Bean, 1896:

127; Jordan and Evermann, 1896: 604 (?);

Rivero, 1934: 31; 1936: 56; Cer%ig6n, 1964: 1.

Argyropelecus ( Sternoptychides ) amabilis Ogilby
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Table 6. Regression statistics for various populations of A. hemigymnus.

Regression

Character A

NE Atlantic (36°-39°N, 27°W)

Pigment Form B

Body depth
Caudal peduncle width

Jaw lengtli

Jaw width

NWAtlantic (36°N, 55-60°W)

Pigment Form A

Body depth
Candal pednncle width

Jaw length

Jaw width

Indian Ocean (5°-35''S, 55°-65°E)

Pigment Form B

Body depth
Dorsal blade

Jaw length

Jaw width

Mediterannean

Pigment Form A

Body deptli

Dorsal blade

Jaw length

Jaw width

1.44

0.97

1.69

0.39

-0.33

0.55

-0.04

0.43

-0.96

0.35

0.99

0.83

1.44

-0.24

1.16

-1.38

0.45

0.06

0.17

0.11

N

0.51

0.08

0.24

0.12

N

0.55

0.11

0.21

0.09

N

0.45

0.09 :

0.20

0.19

N:

.069

.016

.036

.035

35

.081

.019

.052

.034

24

.266

.129

.158

.123

7

.104

.030

.056

.045

15

short, with dentate inner surfaces; pigment

diffuse on trunk, no marked pigment on

midline, pigment concentration above sub-

caudals present, pigmentless bar anterior

to caudal peduncle in young.

Distribution. Horizontal distribution

( Fig. 36
)

: Taken abundantly in the Carib-

bean and Gulf of Mexico; in the western

North Atlantic to about 40°N and 35°W;
occurs in the northeastern Atlantic south

Table 7. Slope comparisons of regressions of several characters between various populations

of a. hemigymnus. a = pigment form a; b = pigment form b.

Character
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Figure 33. Geographic variation in gill raker number in A. hemigymnus, pigment forms A and B. A =: NE Atlantic;
B = NWAtlantic; C = Gulf of Mexico; D = Mediterranean; E = Indian Ocean; F = Soutfiern Ocean (Pacific); G =
N Pacific; H =: Pacific (California). Numbers refer to sample size.

of about 35°N along the North African

coast and associated islands; essentially
absent from the tropical Atlantic; small to

moderate catches in the southwestern At-

lantic represent this species; taken in the

central Indian Ocean from about 10°S to

40°S and reported abundant off the easteni

South African coast; a few records scat-

tered along the western Pacific from north
of New Guinea to Japan represent it in the

western Pacific; a number of moderate
catches indicate its presence in the north
central Pacific; these are matched by
similar catches off Chile and one large haul
off Sidney, Australia.

Vertical distribution (Fig. 37): Occurs
between 200 m and 550 mby day with the

greatest concentrations from 350-450 m;
marked diunial movement with major con-

centrations from 80-200 m at night; Sar-

gasso Sea captures indicate concentrations
!at about 520 m by day (Dr. James Crad-

:lock, WHOI, personal conversation).

Geog^raphic variation. Because of large

samples available this species was used for

1 detailed population study in the Atlantic,

[t allowed checks to be made of within-

lopulation variation both from different

vcars and as subsamples of the same catch;

urthermore, an examination of samples

in the northwest Atlantic provided an op-

portunity to look at variations over at least

15° of longitude in the same biogeographic
region. Table 8 records these results. In

the northwest Atlantic, results indicate that

population parameters remain constant in

A

B

C

D

E

F

G

A
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Figure 35. Argyrope/ecus aculeatus; R/V CHAIN, Cruise 60; Station 1266; SL 46 mm.

the same locality from year to year. In

addition, populations in this area taken at

the same latitude but separated by 15° of

longitude show no indication of changes in

values of parameters measured —in fact

they appear to remain remarkably con-

stant. Once again division of a large haul

from the Caribbean into two subsamples
gave little variability with adequate sample
sizes. In a given area, populations seem
to remain distinctive both from year to

year and over a broad range in the same

biogeographical region. There appears to

be a clinal variation between populations
in the Atlantic, going from the Caribbean,
to the Gulf of Mexico, to the northwest
Atlantic. Gill raker number and body

depth ( Figs. 38 and 39
)

show a clinal vari-

ability and possibly jaw length (Table 8)
as well. Six separate populations are

identified and statistically defined in Table

8 and Figures 38 and 39. The South Pacific

(Chile) population is quite distinct from

the others. Differences in slope between
the Caribbean and northeast Atlantic popu-
lations were significant in several char-

acters (Table 9).

Argyropelecus olfersi (Cuvier)

Figure 40

Sternoptyx olfersi Cuvier, 1829: 316 (holotype
MNHNP1889; Cape of Good Hope; not seen).

Argyropelecus olfersi, Cuvier and Valenciennes,
1849: 408; Collett, 1903: 108; Brauer, 1906:

69; Regan, 1908: 218; Zugmayer, 1911: 52;
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Table 8. Regression statistics for various populations of A. aculeatus.

Regression

Character

SE Pacific (Chile)

Body depth

Jaw length

Gulf of Mexico (24°N, 83°W)

Body depth
Caudal peduncle depth
Jaw length

Caribbean (13°N, 71°W) (Sample 1)

Body depth
Caudal peduncle depth
Jaw length

Caribbean (13°N, 71°W) (Sample 2)

Body depth
Caudal peduncle depth

Jaw length

N\V Atlantic (42°N, 47°W) (9/64)

Body depth
Caudal peduncle depth

Jaw length

NWAtlantic (41°N, 62°W) (9/64)

Body depth
Caudal peduncle depth
Jaw length

NWAtlantic (42°N, 62°W) (9/62)

Body depth
Caudal peduncle def)th

Jaw length

NE Atlantic (32°N, 13° W)
Body depth
Caudal peduncle deptli

Jaw length

-1.64

1.27

0.49

0.12

0.70

2.32

0.20

0.70

2.85

0.39

0.66

0.69

-0.06

-0.05

0.60

0.23

-0.17

0.25

0.57

-0.47

1.32

1.34

-0.72

0.77 ± .274

0.22 ± .087

N = 8

0.67 ± .084

0.12 ± .015

0.23 ± .032

N = 23

0.64 ± .064

0.12 ± .013

0.24 ± .025

N=r23

0.63 ± .080

0.11 ± .018

0.25 ± .034

N = 26

0.66 ± .087

0.12 ± .020

0.26 ± .031

N = 28

0.67 ± .061

0.12 ± .012

0.26 ± .025

N = 30

0.67 ± .055

0.11 ± .010

0.27 ± .038

N = 40

0.69 ± .123

0.10 ± .019

0.29 ± .042

Nzz29

Table 9. Slope comparisons of regressions of various characters between two populations of
A. ACULEATUS. ThE CARIBBEAN POPULATION CONSISTS OF TWOSUBSAMPLES( SEE TabLE 8).

Character PopulaHon 1 Population 2

Caudal peduncle depth
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A

B

Table 10. Regression statistics for two popu-

lations OF A. OLFERSI.

1
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Figure 39. Geographic variation in the regression of body depth (BD) on standard length (SL) in A. aculeatus. A _ NW
Atlantic; B = Gulf of Mexico; C = NE Atlantic; D = Caribbean; E = Pacific (Chile).

Marr, 1948: 140; Misra, 1952: 367; Haig, 1955:

321; Fowler, 1956: 27; Koefoed, 1961: 1.

\rgtiropdecus olfersi: Barnard, 1925: 153; Smith,
1957: 37 (?); Bright and Paquegnat, 1969: -29.

Argtjropelccus Itjchntis hjchnus Schultz, 1961: 587

(in part); 1964: 241;" Blache, 1964: 71; Backus

et al., 1965: 139; Bright and Paquegnat, 1969:

30.

Argijwpelecus lycliniis sladcni Schultz, 1961: 587;
1964: 241 (incorrectly cites Norman, 1930, as

original description); Kotthaus, 1967: 22

(photo., otoliths).

Argyropelecus hjchnus hawaicnsis Schultz, 1961:

587; 1964: 241.

Argyropclcciis hawaicnsis Berry and Perkins, 1965:

625; Lavenberg and Ebeling, 1967: 185.

Species distinction. See A. olfersi (p.

52) and A. lychnus (ix 63) .

Description. D. 9; A. 12; P. 10-11; total

gill rakers 17-21; vertebrae 35-37.

Medium size species seldom exceeding
60 mmSL; body less deep, depth at end

of dorsal about two or more times into SL;

dorsal blade low, height about three or

more times into its length; postabdominal

spines of equal size, anterior one occasion-

ally straight, usually squared or blunted;

upper preopercle spine long, directed

posteriorly and usually dorsally, lower

directed ventrally and often slightly

posteriorly; jaws medium; teeth small, re-

curved, no large canines present; gill rakers

medium to long, slightly dentate; first pre-

anal photophore raised well above second
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Figure 41. Diurnal vertical distribution of A. olfersi determined by rate of capture witfi depth. A

(Pacific); B = NE Atlantic.

30

Soutfiern Ocean

which is even with or above third; anal

pterygiophore gap with three haemal

spines lacking pterygiophores; in preserva-
tive pigment often quite dark; large dis-

tinct pigment spots present along midline,

especially evident in smaller specimens;
there may be a diurnal pigment difference

similar to A. hemigymnus in this species.
Distribution. Horizontal distribution (Fig.

44): In the Atlantic this species is found in

abundance along the African coast from

about 15 °S northward into the Gulf of

Guinea; it occurs in moderate numbers
across the equatorial Atlantic in a belt

from 5°S to 15 °N latitude; it is abundant
in the Caribbean in the vicinity of the

Venezuelan coast, absent from the northern

Caribbean, appearing again in numbers in

the western and northern Gulf of Mexico
and the straits of Florida; a few small

catches have been taken in the North

Atlantic and along the Brazilian coast. In
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9

1

Table 11. Regression statistics for variousI
populations of a. sladeni.

14 17

Figure 42. Geographic variation in gill raker count in

A. oliersi. A := NE Atlantic; B z:^ Southern Ocean.

Numbers refer to sample size.

the Pacific a somewhat biantitropical dis-

tribution is indicated, with large populations

represented in the North Pacific to about

175°W longitude, and off the California

coast; another large population occurs off

the coast of Chile; the species occurs north

of New Zealand and south of Hawaii. A.

sladeni is abundant in the northern Indian

Ocean to about 15 °N and along the African

coast to about 10° S; while not reported
from the Bay of Bengal, it is represented

by several small catches south of Java.

Vertical distribution
( Fig. 45

)
: Concen-

trated between 350 m and 600 m by day,
with the major concentrations between 350

m and 450 m; by night concentrated be-

tween 100 m and 375 m, \\'ith the major
concentrations between 100 m and 300 m;
no marked indication of geographic vari-

ation with depth.

Geographic variation. This species, like

A. fiigas, has low variability in those b()d\-

Regression
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A
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Figure 46. Geographic variation in gill raker count in A.

sladeni. A ^ Gulf of Guinea; B = Caribbean; C =
Indian Ocean; D ^ N Central Pacific; E =: Pacific (Chile);

F r= Pacific (California). Numbers refer to sample size.

Argyropclccus olfersi: Weber and DeBeaiifort,

1913: 1 (?); Clemens and Wilby, 1949: 106;

Koumans, 1953: 186 (?); Morrow, 1957: 56;

Koepcke, 1962: 145; Bussing, 1965: 185.

Argyropclccus lycJmus lychnus Sehultz, 1961: 587

(in part); 1964: 241."

Argyropeleciis sp., Kotthaus, 1967: 11 (?)

(photo.).

Species distinction. See A. olfersi (p.

52); differs from A. sladeni by its higher
dorsal lilade, preopercle spine character-

istics, presence of two rather than three

haemal spines in anal pterygiophore gap,

lack of distinct dark pigment spots on

midline, broader body, and generally lower

gill raker count (Figs. 46 and 49). Tables

12 and 13 and Figure 50 illustrate the

nature and degree of difference in several

of the characters mentioned above.

Description. D. 9; A. 12; P. 10-11; total

gill rakers 16-18; vertebrae 35-37.

Medium to large species often exceeding
60 mmSL; body deep, depth at end of

dorsal greater than 1.5 into SL; dorsal

blade high, height about 2.5 times into its

length; postabdominal spines of about

equal size, anterior one slightly smaller,

not smoothly curving but blunted or

squared; upper preopercle spine long, di-

rected posteriorly and usually ventrally;

lower spine usually curved slightly ante-

riorly or straight down; jaws large, teeth

recurved especially in lower jaw, no large

canines; gill rakers medium to short, den-

tate; first preanal photophore usually lower

than third; spiny scales present in adults

below subcaudal photophores; the gap
made by the anal pterygiophores contains

two haemal spines lacking pterygiophores;
ill preservative, pigment dark dorsally,

diffuse on trunk with small, light pigment
spots on midline.

Distribution. Horizontal distribution (Fig.

44): Absent from the Atlantic; represented

possibly by a single sample from the Indian

Ocean (04°S, 66°E, Kottliaus, 1967). Pri-

Table 13. Slope compabisons of the regression of dorsal blade height on standard length for
various populations of a. lychnus (l) and a. sladeni (s).

Character
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A

B

C

D

Table 14. Regression statistics for various
populations of a. lynchus.

Regression

\h 18

Figure 49. Geographic variation in gill raker count in

A. lychnus. A = Central Pacific; B = Tropical E Pacific;

C ^ Pacific (Chile); D = Pacific (California). Numbers

refer to sample size.

Genus Sfernoptyx Hermann, 1781

SteiiiOjityx Hermann, 1781: 8 (type species:

Stc'inoptyx dicijilxana Hermann, 1781, by mono-

typy).

Diagnosis. Ten abdominal, three anal,

three branchiostegal and five isthmus

photophores; a single large dorsal pterygio-

phore spine with an anterior, serrated ex-

tension; first anal pterygiophore greatly

enlarged, forms support for triangulate

membrane above anal fin rays; premaxilla
without anterior pedicels; anteriormost gill

rakers reduced to toothed ridges; post-

temporal and supracleithrum separate; hy-

pural elements fused to form single caudal

plate; haemal and neural spines greatly

elongate in trunk region.

Description. Photophores: PO 1; PTO 1;

PRO 1; SO 1; SP 3; PAN 3; SAN 1; AN 3;

SC 4.

Spines: Preopercle with single ventrally

oriented spine; retroarticular bears spine,

preabdominal spine present; basipterygia
fused to form a set of four postabdominal

spines; base of first anal pterygiophore
bears ventral spines; no well-developed

post-temporal spines.

Character

SE Tacific (Chile)

Body depth

Dorsal blade

Jaw length

Jaw width

E Pacific (California)

Body depth

Dorsal blade

Jaw length

Jaw width

2.38

1.56

0.84

-0.46

0.94

1.53

-0.15

-1.02

Central Pacific (10°N, 145°W)

Body depth 1.42

Dorsal blade 1.79

Jaw length 0.88

Jaw width -0.77

0.57:

0.05:

0.26:

0.16

N:

0.61

0.04

0.29

0.16

N

0.64

0.05

0.28

0.14

N

.120

.018

.055

.043

12

.107

.013

.058

.031

15

.156

.023

.068

.052

11

Eyes: Large, well developed, nontele-

scopic.

Gill rakers: Total seven to nine; well

developed, \\'ith rough spiny margins; an-

teriormost rakers reduced to spiny tooth-

like plates extending into mouth cavity.

Jaws and dentition: Jaws vertically

oriented, premaxilla small, heavily toothed;

maxilla heavily toothed and major upper

jaw bone in gape; lower jaw heavily

toothed, teeth small, sharp, triangulate;

palatine teeth present; first epibranchial
extended anteriorly and ventrally forming
toothed arms at dorsal, posterior end of

mouth.
Meristics: Vertebrae 28-3 J; C. 9+10; D.

8-11; A. 14-16.

Color: Bright silvery in life, dark pig-

ment especially evident on dorsal surface;
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Figure 50. Regression of body depth (BD) on standard length (SL) In A. sladeni (A) and A. lychnus (B) off California.

.silver (pickly lost in formalin preservative;
sides can be very dark, often black.

Internal anatomy: Air bladder and gas

gland well developed and fills much of

the body cavity (see Marshall, 1960);

digestive system simple, consisting of a

heavily pigmented, single sectioned stom-

ach, capable of considerable distension,

five to seven pyloric caecae of which only
two to three are long and well developed,

relatively small liver and short, uncoiled,

thin-walled intestine. The gonads, when
mature, lie against the posterior wall of the

body cavity. This cavity is large, unlined

with pigment, and appears capable of some

expansion.

Key to the Species of Sternoptyx

la. Dorsal long, its lengtli greater than 1.3 times height of dorsal spine; trunk long and

narrow, SL more than 3.0 times l^ody depth at end of dorsal (see regression, body
depth. Table 15); body very dark, pigment forms broad band at base of caudal rays

S. ohscura ( p. 69 ) .

b. Dorsal short, its length less or equal to height of dorsal spine; trunk broad, SL less

than 2.8 times body deptli at end of dorsal (see regression, body depth, Tal:)les 16

and 17); body pigment less uniformly dark, pigment absent or in very narrow band
at base of caudal rays 2

2a. Supra-anal photophore high, its height greater than one-half the distance from ventral

body margin to midline ( often raised to midhne ) ; gill raker tooth plates with prominent
spines; secondary anal pterygiophores long, e.xtending posteriorly on same level as anal

photophores _.._ S. pseudobscura (p. 72).

b. Supra-anal photophore low, its height less than one-half distance from ventral body
margin to midline; gill raker tooth plates lacking prominent spines; secondary anal

pterygiophores short; not extending posteriorly on same level as anal photophores
S. duiphana (p. 75 ).
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a.

Sfernopfyx obscura Garman

Figure 51

Sternoptyx obscura Garman, 1899: 63 (lectntype
USNM 177888; designation Schultz, 1961;

tropical east Pacific; not seen; paralectotype
MCZ 28532; seen); Ledenfeld, 1905: 170

(light organs); Follett, 1952: 409.

Sternoptyx diaphana Schultz, 1961: 587 (in part);
1964: 241 (in part); Berry and Perkins, 1965:

625 (in part).

Species distinction. Differs from both S.

diaphana and S. pseudohscura in its shorter

dorsal spine and longer dorsal fin; longer,

narrower trunk, slight extension of body

Figure 51. Sfernopfyx obscuro; R/V ANTONBRUUN, Cruise 3; Station 215; SL 30 mm.
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margin in front of anal photophorcs, broad

pigment band on base of caudal rays, and

generally dark pigment; differs from S.

pseiidohsciira in its lo\\'er supra-anal photo-

phore, small teeth, low gill raker tooth

plates, and smaller mouth; from S. dia-

phana in its extension of the ventral body

margin at same level behind anal photo-

phores. Tables 18 and 19, and Figures 5.3,

56, and 61 illustrate the degree of differ-

ence between the three species in several

of the above characters. Note especially

the significant differences between sym-

patric populations.

Description. D. 10-11; A. 14-15; P. 10-

11; total gill rakers 7-9; vertebrae 29 (30).

Small species, seldom exceeds 40 mm
SL; trunk long and narrow, its length

usually longer than depth; dorsal fin long,

its length more than 1.3 times the length
of dorsal spine; abdominal length along
midline from supra-anal photophore to

caudal peduncle, less than or equal to body
depth at end of dorsal; postabdominal and

anal pterygiophore spines long; posterior
anal pterygiophores extend behind and at

same level \\\\\\ anal photophore group;

supra-anal photophore raised above anals

one half or less the distance to midline;

body margin extends slightly in front of

anal photophores before curving ventrally;

jaws medium; teeth small; gill raker tooth

plates consist of multiple low spiny ridges;

anterior dorsal surface of tongue between
branchial arches smooth; few-to-no raised

nodules; in preservative, pigment very dark

over whole of body; pigment extends in

broad band at base of caudal fin rays.

Distribution. Horizontal distribution (Fig.

52): Tliis species has not been recorded

from the Atlantic; it is concentrated north

of 10°S latitude in the Indian Ocean, al-

though small catches occur as far as 40°S;

occurs in the eastern Bay of Bengal, and

abundantly south of Java; occurs off the

Philippines and scattered but large catches

indicate in all probability a continuous

distribution across the equatorial Pacific;

occurs abundantly in the tropical east

Table 15. Regression statistics for various

populations of s. obscura.

Regression
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A
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Table 16. Regression statistics for various

populations of s. pseudobscura.

W
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\s

s
Figure 53. Geographic variation in gill raker count in S.

obscura. A =: E Indian Ocean; B ^ Central Indian

Ocean; C = Tropical E Pacific; D ^ Banda Sea; E ^
Central Tropical Pacific; F =: Marshall Islands; G :=

Pacific (California); H =; Indian Ocean—S of Bali. Num-

bers refer to sample size.

Sternopfyx pseudobscura n. sp.

Figure 54

Holotype MCZ 46400, 1° 20'S, 27° 37'W; 2/27/

63; R/V CHAIN, Cruise 35; Station 977.

Sternoptyx diaphana: Braiier, 1906: 69 (in part);

Maul, 1949b (in part); Blache, 1964: 71;

Backus et al., 1965: 139 (in part).

Specie.9 distinction. See S. obscura (p.

69), differs from S. diapliana by its larger
mouth (see jaw length, Fig. 62), longer
teeth and gill raker tooth plate spines;

markedly higher supra-anal photophore;
extension of long anal pterygiophores be-

hind and at same level with anal photo-

phores. Tables 18 and 19, and Figures 56,

61, and 62 illustrate the nature and degree
of difference between the two species.

Description. D. 10-11; A. 14-16; P. 10-

11; total gill rakers 7-9; vertebrae 29.

Regression

Character

Gulf of Guinea

Jaw length 1.23

Photophore 0.43

Caribbean

Jaw length 1.70

Photophore 2.28

Florich (30°N, 76°W)

Jaw length 1.85

Photophore 0.58

Indian Ocean (6°-35°S, 55°-65°E)

Jaw length 2.04

Photophore 2.21

Central Pacific

B(Kly depth -1.06

Abdominal length 0.21

Jaw length 1.63

0.15 ± .243

0.19 ± .076

N = 8

0.15 ± .045

0.11 ± .052

N = 13

0.16 ± .080

0.15 ± .091

N = 6

0.16 ± .200

0.17 ± .098

N = 6

0.49

0.32

0.15

N

.078

.066

.061

13

Largest species in genus, often exceeds

55 mmSL; trunk broad, its depth greater
than length; dorsal spine long, its length
about equal to, or less than, length of dor-

sal fin; posterior anal pterygiophores long,
extend behind and at same level as anal

photophores; supra-anal photophore very

high, its height more than one-half the'

distance from ventral body margin to mid-

line (often raised to midline); no body
margin extension in front of anal photo-

phores; jaws large; teeth well developed
and recurved; gill raker tooth plates with

long spines; usually one much longer than

others; anterior dorsal surface of tongue
with small nodules; postabdominal and
anal pterygiophore spines long; in preserv-

ative, pigment dark over most of body
except lighter in trunk region; if present,

pigment band very narrow at base of

caudal rays.
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Figure 54. Sternopfyx pseudobscuro; R/V CHAIN, Cruise 60; Station 1310; 22 mm.

Holotvpe: measurcment.s (mm), SL 4.S.1,

BD 15.0, JL 07.4, CP 04.6, Ab. length 14.0;

meristics: GR 7, D 9, A 15, anal photo-

phores 3; name derivation: pseiidobscura
refeis to this species' close resemblance to

S. ohscura.

Distribution. Horizontal distribution (Fig.

52): The limited distributions seen here

may be artifacts resulting from the vertical

distribution of this species; widely scattered

but moderate-to-high catch numbers are

additional indications of sampling prob-
lems. This species occurs in the South

Atlantic off Brazil, and in the Gulf of

Guinea off Africa with ^\idely scattered

occurrences in the tropical Atlantic; it is

abundant in the northern Gulf of Mexico

and the straits of Florida; scattered catches

indicate its presence in the southern Carib-

bean; it has not been reported from the

western North Atlantic, but occurs in num-
bers off the northwest coast of Africa and
near the Azores; small catches indicate its

presence in the southwestern Indian Ocean
from 5°S to 40°S latitude; isolated small-

to-moderate catches south of Java, near the

Marshall Islands, in the North Pacific, off

California, and in the southeast Pacific
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-igure 56. Geographic variation in gill raker count in

j. pseudobscura. A ^ Caribbean; B =: N Central Pacific;

Z ;= Indian Ocean; D := Marshall Islands. Numbers refer

o sample size.

Sternoptyx diaphana Hermann

Figure 58

Sternoptyx diaphana Hermann, 1781: 33. In

accordance with article 75a(i) Int. Code Zool.

Nomen., a neot>'pe is hereby designated: Neo-

type MCZ46402; 11° 06'N, 78° 2rW; 8/7/66;
R/V ANTONBRUUN, Cruise 19; Station 813.

Cuvier and Valenciennes, 1849: 415; Giinther,
1864: 387; Goode and Bean, 1896: 127; Al-

cock, 1896: 331; Gilbert, 1905: 601; Brauer,
1906: 69 (in part); 1908: 175 (eye muscles);
Holt and Byrne, 1913: 20; Weber and DeBeau-
fort, 1913: 1; Jespersen, 1915: 12; Jespersen

and Tiining, 1919: 220 (eye); Borochn, 1931:

68; Jespersen, 1934: 15; Roxas, 1934: 287;
Buen, 1935: 52; Fowler, 1936: 1208; Beebe,
1937: 22; Parr, 1937: 49; Norman, 1937: 82;
1939: 19; Nybelin, 1948: 25; Maul, 1949a: 17;
1949b: 13 (in part); Wilimovsky, 1951; Misra,
1952: 367; Koumans, 1953: 186; Mead and
Taylor, 1953: 570; Smith, 1953: 102; Haig,
1955: 321; Rass, 1955: 328; Grey, 1959: 326;

Koefoed, 1961: 11; Schultz, 1961: 617 (in

part); 1964: 241 (in part); Backus et al.,

1965: 139 (in part); Berry and Perkins, 1965:

682 (in part); Bussing, 1965: 185; Haedrich
and Nielsen, 1966: 909; Bright and Paquegnat,
1969: 34.

Species distinction. See S. obscnra (p.

69) and S. pseudobscura (p. 72).

Description. D. 9-11; A. 14-16; P. 10-

11; total gill rakers 7-8 (9); vertebrae 29

(30).
_

Medium size species, seldom exceeds 55
mmSL; trunk very broad; its depth usually

greater than its length; dorsal spine long,
its length greater or equal to dorsal fin

length; posterior anal pterygiophores short,

little extension behind and on same level

with anal photophores; supra-anal photo-

phore low, not reaching more tlian one-half

the distance from ventral body margin to

midline, no body margin extension in front

of anal photophores; jaws medium to small;

teeth short and low; gill raker tooth plates

with low spinate ridges; anterior dorsal

ID
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igure 57. Geographic variation in distance from dorsal body margin of supra-anal photophore (PO) with standard length

SL) in S. pseudobscura. A =: Indian Ocean; B =Gulf of Guinea; C = Gulf of Mexico and Caribbean.
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Figure 58. Sternoptyx diaphana; GALATHEA; Station 494; 33 mm.

surface of tongue with small nodules; post-

abdominal and anal pterygiophore spines

usually shorter than others in genus; in

preservative pigment dark dorsally, often

light and dispersed in trunk region, usually
little pigment present at base of caudal

rays.

Neotype: measurements (mm): SL 28.4,

BD 12.1, JL 05.3, CP 03.5, Ab. length 09.0;

meristics: GR 7, D 10, A 15, anal photo-

phores 3.

Distribution. Horizontal distribution (Fig.

59): Broadly distributed in the Atlantic,

caught in moderate numbers in the South
Atlantic off Brazil and from 20°W to the

African coast at about 35^ S; abundanth'

present in the Gulf of Guinea and the

tropical Atlantic; taken abundantly in the

southern Caribbean, the Gulf of Mexico,!

and straits of Florida; taken in the western

North Atlantic; a large population occurs

in the northeastern Atlantic from 25°N to

45°N latitude. In the western Indian Ocean
small to moderate catches extend from 5°S

to 35 °S latitude, a single catch has been

observed from the eastern Indian Ocean;
numerous catches indicate this species

present south of Java, near Borneo, and in

the Banda Sea; known also between New
Guinea and the Solomon Islands, it occurs

in the westem Pacific near the Philippines

and along the coast of Japan, with a small

I
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Figure 60. Diurnal vertical distribution of S. diaphana determined by rate of capture with depth during day (D) an

night (N). A ^ Southern Ocean; B ^ Gulf of Guinea; C =: Gulf of Mexico and Caribbean; D =: NE Atlantic.

sample taken in the North Pacific; this

species occurs in small numbers off lower

California and has been reported abun-

dantly southeast of Hawaii; a large popu-
lation extends across the South Pacific

from Chile to about 160° E longitude.

Vertical distribution (Fig. 60): Distrib-

uted between 400 m and 1200 m; major
concentrations occur between 700 m and

900 m; no diurnal movement or marked

geographical depth xariation could be dei

tected.

Geographic variation. With the excep
tion of the Pacific southern ocean popm
lation, little geographic variation could b*

detected; characters were few and sampl(
sizes small, however (Table 17, Fig. 61);

The Southern Ocean population is quit«|

distinct and certainly represents an ini

stance of incipient speciation. Tables 1'
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'able 17. Regression statistics for various

populations of s. diaphana.
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Figure 61. Geographic variation in gill raker count in S.

diaphana. A = Caribbean; B = Indian Ocean; C =^

Southern Ocean; D = Pacific (Chile); E = Indian Ocean—-

S of Bali; F z= Java Sea. Numbers refer to sample size.

spines; first anal pterygiophore may extend

ventrally to form small spines.

Eyes: Large, well developed, nontele-

scopic, essentially laterally oriented.

Gill rakers: Number 10-28; well de-

veloped, long, often quite close together;

first branchial arch considerably larger

than succeeding arches; the inner surfaces

of second and thir'd cerato- and epi-
branchials bear tooth plates.

Jaws and dentition: Mouth small

and vertically oriented; premaxilla long,

toothed, and major upper jaw bone in

gape; arm of first supramaxilla elongate;
dorsal margin of lower jaw greatly ex-

panded which, with broadening in the

meso-and metapteryoid, make the mouth

cavity a long conelike basket with a sub-

stantial distance between the mouth en-

trance and the beginning of the branchial

arches; the maxilla is toothed, but essen-

tially excluded from gape; teeth small to

minute, no canines, vomer and palatines
bear teeth.

Meristics: Vertebrae 31-36; C. 9+10;
D. 10-17; A. 13-19.

Color: Bright silvery in life; dark dorsal

pigment band often extends ventrally and

may reach lateral midline; dark pigment

may form lateral striated bands on pos-
terior trunk.

Internal anatomy: Swim bladder and

associated gland well developed, gland

quite large, with grainy appearance; l)lad-

der thick walled, and often heavily in-

vested with fatty tissue (see Marshall,

1960); digestive system simple with bi-

partate stomach, anterior section thicl<

walled, the lining often raised into heavy

Table 19. Comparisons between mean slopes of several characters among the species or

Sternoptyx. S.O. = Southern Ocean populations of S. diaphana; Pop. # = number of popula-

tions; X Slope = unweighted mean slope; Total # = total number of fish measured over ali

populations.

Species
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30 SL so

Figure 62. Regression of lower jaw length (JL) on standard length (SL) in S. diaphana (A) and S. pseudobscura (B) from

the Tropical Atlantic.

ridged folds; die posterior section diin

walled and extensible, six to ten pyloric

caecae, short straight intestine, and a rel-

atively large well-developed liver. Gonads,
when mature, lie horizontally and laterally
in the body cavity; cavity lined with pig-
mented membrane; nepliritic tissue is not

as well developed as in other genera.

Species complexes: As with Arfiyropele-

ciis, there has been considerable radiation

within the genus. There are three distinct

species complexes, two closely related. The
third complex, P. spinosiis, is quite distinct.

The latter appears more primiti\e in terms
of axial and caudal skeleton characteristics.

The P. spinosws complex differs from the

other two groups as follows: greater de-

velopment of the post-temporal spine

complex; otoliths (Weitzman, personal con-

versation); four hypural elements in the

upper caudal lobe; serrate lower jaw mar-

gin; spine-bearing abdominal keel plates;
the second and tliird pretenninal neural

spines wedge shaped; extension of the

cleithrum below the pectoral relati\ely
more broadened; and the anal pterygio-

phore gap is reduced.

Within the P. spinosus complex there is a

further dichotomy. P. nuttingi, P. oJiiohis,

and P. indicus with peculiar reductions in

post-temporal spine characteristics, fomi

one group; P. spinosus, P. sterope, and P.

tridentifer with a well-developed, post-

temporal complex, fonn the other.

The P. asteroides and P. htenwtus spe-
cies complexes are more closely related.

They differ primarily in post-temporal

spine characteristics, body shape and size,

photophore number and pattern, and den-

tition. Both complexes have similar otoliths

and resemble each other osteologically.
The species P. later natiis —P. omphiis
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and P. iinispinus
—P. aquavit us form a

dichotomy within the P. latenuitus complex.
The differences inckide preopercle spine

length, body shape, photophore pattern,

and some meristic differences (gill rakers,

vertebral nnmber).
P. astcroides —P. poUi

—P. triphanos and

P. matsu])ami —P. meteori —P. kiiciensis —P.

rugg,eri form a similar dichotomy within the

P. asteroides complex. The latter group
is characterized by an extremely long,

narrow, posterior vomerine shaft, closely

allied and fitting into the parasphenoid.
This shaft bears teeth anteriorly, in addi-

tion to the normal lateral vomerine teeth.

Other minor differences are also joresent.

Key to the Species of Polyipnus

la. Post-temporal spine complex, bearing one or two basal snpplementary spines; dorso-lateral

edge of fused, post-temporal-supracleithrum serrate; abdominal keel scales with spiny

ventral surfaces; supra-anal photophore group usually not distinctly separated from anal

group P- spinosus complex 3

1). Post-temporal spine simple, bearing no basal spines; lateral edge of post-temporal-supra-

cleithrum smooth; keel scales with smooth ventral surfaces (except P. imispinus); supra-

anal photophores separate, usually raised well above anal group ._ __ —_ 2

a. b.

2a. Post-temporal spine long, its length greater than one-fourth the diameter of orbit; anal

photophore number 10 to 13 (adults only); body long and narrow, SL greater than 1.7

times body depth; first supra-anal photophore even with or raised above the second

(except P. late maim in which the first is slightly lower than die second)
P. laternalus complex 8

b. Post-temporal spine short, its length less than one-fourth the diameter of orliit; anal

photophore number 7 to 9 (occasionally 10); body more robust, SL less than 1.9 times

body depth; first supra-anal photophore markedly lower than second -

P. asteroides complex 1 1

1
Â

a.
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3a. Post-temporal spine with two distinct basal spines; anal-subcaiidal photophore distance
less than one-third the length of the subcaudal group; anal photophore number 10 to

13 4

b. Post-temporal spine with a single distinct basal spine (this reduced in P. oluohis); anal-

sul)caudal distance greater than one-half of the length of the subcaudal group; anal

photopbore number 6 to 9 6

4a. Anal photophore number 10; SL less than 3.6 times body depth at end of dorsal fin;

caudal peduncle broad, head length less than 2.8 times narrowest peduncle depth 5

b. Anal photophore number 12 to 13; SL greater than four times body depth at end of

dorsal; caudal peduncle narrow, head length greater than three times narrowest

peduncle depth P. tridentifer (p. 86).

5a. Post-temporal basal spines well developed, ventralmost basal spine lengtli greater than
one-half length of post-temporal spine; gill raker numlaer 24-28 P. sterope (p. 88).

b. Post-temporal basal spines short, ventralmost basal spine less than one-fourth post-

temporal spine length; total gill raker nmnber IS to 21 P. spinosus (p. 89).

a. b.

6a. Alidominal keel scales triangulate, with one or two large ventral spines; iDost-temporal

spine long, heavily spinose dorsally and laterally; first supra-anal photophore markedly
lower than third; anal photophores 6 to 7 P. oluohis (p. 90).

b. Abdominal keel scales rectangular, with many small ventral spines; post-temporal

spine long and smootli or short and spinose dorsally only; first supra-anal photophore
about even with or raised above tliird; anal photophores 8 to 9 ._ 7

a.

7a. Ventral margin of subcaudal photophores with spines (adults); anal-subcaudal photo-
phore distance less than three-fourths length of subcaudal group; first supra-anal

photophore higher than the last; post-temporal spine long, greater than one-half

diameter of orbit P. iudiciis (p. 91).

b. Ventral margin of subcaudal photophores smooth; anal-subcaudal distance greater
tlian three-fourths length of subcaudal group; first supra-anal photophore lower than

last; post-temporal spine short, less than one-half diameter of orbit .. . P. nuttingi (p. 92).
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8a. Gill rakers 18 to 21; supra-anal photophores distinctly raised above tlie anal group;

preopercle spine short, somewhat triangulate 9

b. Gill rakers 12 to 14; supra-anal photophores not markedly raised above anal group;

preopercle spine long and slender - — ....10

'^^ Aap\

m=^ ^^Peep^

9a. Sulicaudal photophores compact, length of subcaudal group less tlian narrowest caudal

peduncle depth; distance from top of last supra-anal photophore to top of first anal

greater than three-fourths length of preanal group P. latcrnatus (p. 92).

b. Subcaudal photophores somewhat spread; length of subcaudal group equal or greater

than narrowest peduncle depth; distance from top of last supra-anal photophore to

top of first anal less than one-half preanal length P. omphus (p. 94).

10a. Posterior lateral margin of preopercle smooth; xentral keel scales smooth; dorsal

.spine short, length less than one-fourth diameter of orbit P. aquavitiis (p. 96).

b. Posterior lateral margin of preopercle serrate; ventral edge of keel scales with small

spinelets; dorsal spine long, length greater than one-half diameter of orbit —
. P. iini.spinus (p. 97).

11a. Teeth absent on posterior vomerine shaft; second supra-anal photophore e\en with or

raised above third; supra-abdominal photophores nonsymmetrical, first photophore
raised well above other two 12

b. Teeth present on posterior vomerine shaft; second supra-anal photophore lower than

third; supra-abdominal photophores symmetrical, first not markedly raised above

third 14
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12a. Gill rakers 16 to 18; dorsal rays 11 to 12; lower margin of dark dorsal pigment markedly
raised above supra-anal photophores P. triphanos (p. 97).

b. Gill rakers 20 to 24; dorsal rays 14 to 16; lower margin of dark dorsal pigment straight

from dorsal spine to caudal peduncle , 13

13a. Anal pterv'giophores form circular margin below anal photophores; anal photophores
number 7 to 8; SL less than 3.5 times body depth at end of dorsal P. polli (p. 98).

b. Anal pterygiophore margin essentially straight; anal photophore nimiber 9 (rarely

10); SL greater than 3.7 times body deptli at end of dorsal P. asteroides (p. 99).
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14a. Gill rakers 22 to 24; dark pigment bar extending to midline very narrow, its width

less tlian greatest widtli of lateral photophore (see illustration p. 101)
P. matsuharai ( p. 101 ) .

b. Gill rakers 13 to 18; dark pigment bar absent or much wider than width of lateral

photophore 15

15a. Dark pigment bar greatly reduced or absent; supra-abdominal photophores essentially

in straight line (see illustration p. 102); gill rakers 18 P. ruggeri (p. 102).

b. Dark pigment bar present, extending to midline; supra-abdominal photophores tri-

angulate, the second markedly lower than the otlier two; gill rakers 1.3 to 17 16

16a. Gill rakers 13 to 15; light stripe behind dark pigment bar extends to mid-dorsal line;

ventral border of dark dorsal pigment markedly raised above supra-anal photophores
(taken from photo and description, Kotthaus, 1967) P. mctcori (p. 104).

b. Gill rakers 16 to 17; light stripe behind dark pigment bar not extending to mid-dorsal

line; ventral border of dark dorsal pigment not markedly raised above supra-anal

photophores (see illustration p. 103) P. kiwiemis (p. 103).

PoJyipnus tridentifer McCulloch

Figure 64

Pohjipnus tridentifer McCulloch, 1914: 78 (lecto-

type AM E.3.543; designation Schultz, 1961;

Australian Bight; not seen); Schult/., 1961: 619;
1964: 247.

Pohjipnus spinostis: Weber and DeBeaufort, 1913:

1; Matsubara, 1950: 192; Okada and Suzuki,

1956: 297; Suzuki, 1964: 1.

Pohjipnus frazeri Fowler, 1933: 2.57; Schultz,

1961: 620.

Species distinction. Differs from P.

spinostis and P. sieropc in its long, narrow
trunk and caudal peduncle; long, smooth

post-temporal spine; more sharply angled
dorsal spine; multispinose subcaudal scales;

less spinose abdominal keel scales; differs

from P. spinosiis by its much longer third

basal post-temporal spine.

Description. D. 13-14; A. 15-17; P. (12)

13-14; total gill rakers (20) 21-24; verte-

brae 33-34.
'

Medium size species, not often exceed-

ing 60 mmSL; trunk tapering into long,

narrow, caudal peduncle; its depth less or

equal to length of subcaudal photophore

group; post-temporal spine long, its length
more than one-half the distance from its

base to point of dorsal spine; second basal i

post-temporal spine long; dorsal surface of

post-temporal spine relatively smooth, lack-

ing marked serrations; supra-abdominal

photophores arranged in steplike fashion,

each raised an approximate ec^ual distance,

above the next; abdominal keel scales

spinose, although spines very short; scales

below subcaudal photopliores with several

prominent spincvs; preoperclc spine di-
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Figure 64. PoJyipnus tridentifer; after Matsubara, 1950.

rected, at its base, posteriorly, curving

distally to point ventrally or slightly an-

teriorly; jaws medium; teeth minute; gill

rakers long; pigment in preservative dark

dorsally with narrow, dark bar extending
toward midline; pigment diffuse on trunk.

Distribution (Fig. 63). Restricted to the

western Pacific, taken abimdantly around

the Philippines, off the south China coast,

off Japan, in waters north of the Strait of

Malacca, and in the Great Australian Bight.

Polyipnus sferope Jordan and Storks

Figure 65

PoJyipnus stcropc Jordan and Starks, 1904: 581

(holotype USNM51451; Sagami Bay, Japan;

seen); Matsubara, 1941: 2; Haneda, 1952: 12

(light organs); Okada and Suzuki, 1956: 297;

Suzuki, 1964: 1 (X-ray).

Polyipnus spinosus: Kamohara, 1952: 17.

Poli/ipnus spinosus sterope Schultz, 1961: 621;
1964: 247.

Species distinction. See P. triclcntifer

Figure 65. Polyipnus sterope; modified from Jordan and Starks, 1904.
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igure 66. Po/yipnus sp/nosus; modified from Gijnther, 1887.

(p. (S6); differs from P. spinosus in its

onger basal post-temporal spines; shorter

oreopercle spine; more raised first supra-
ibdominal photophore, somewhat shorter

30st-temporal spine in relation to its base-

:o-dorsal spine length, and higher gill

•aker count.

Description. D. 13-14; A. 15-17; P. 13-

L5; total gill rakers (23) 24-28; vertebrae

33-34.

Medium to large species, seldom ex-

ceeding 70 mmSL; trunk broadly tapering;
:audal peduncle broad, its depth more
:han length of subcaudal photophore group;

[lost-temporal spine spinose dorsally, its

length substantially less than one-half dis-

tance from its base to point of dorsal spine;

third basal post-temporal spine long, sec-

ond basal spine prominent; dorsal spipe

bigh, with flangelike anterior portion not

rising sharply from dorsal surface; supra-
ibdominal photophores positioned in a

itep-wise arrangement, \\'ith first photo-

phore raised above other two; abdominal
keel scales very spinose, including those

ventral to preanal photophores; subcaudal

scales either smooth or with single short

spine; jaws medium; gill rakers long; pre-

opercle spine curves slightly anteriorly;

pigment in preservative dark dorsally with

very narrow bar extending toward midline;

pigment diffuse on trunk.

Distribution (Fig. 63). Known only
from the waters around Japan, where it

has been taken less abundantly than P.

tridentifer.

Polyipnus spinosus GUnther

Figure 66

Polyipnus spinosus Giinther, 1887: 170 (holotype

BMNH, East Indies; not seisn); Alcock, 1896:

331; 1899: 135; Brauer, 1906: 69 (larvae, fig.)

(in part); 1908: 175 (eye muscles); Roxas,

1934: 287; Misra, 1952: 367; Koumans, 1953:

186 (?); Samuel, 1963: 101 (?).

Polyipnus spinosus spinosus Schultz, 1961: 624;
1964: 247.

Species distinction. See P. tridentifer (p.

S6) and P. sterope (p. 88).

Description. D. 13-14; A. 15-17; P. 13-

15; total gill rakers 18-21; vertebrae 33-34.

Medium to small species, seldom exceed-

ing 70 mmSL; trunk and caudal peduncle
broad, its depth greater than or equal to

length of subcaudal photophore group;

post-temporal spine spinose dorsally, its

basal spines reduced; post-temporal spine

nearly equal to one-half the distance from

its base to dorsal spine; dorsal spine similar

to P. sterope; supra-abdominal photophore

positioned with first photophore only

slightly raised above other two; first two

supra-anal photophores slightly raised from

third; preopercle spine long, curving an-

teriorly; abdominal and preanal keel scales
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Figure 67. Polyipnus o/uo/us; R/V HUGHM. SMITH, Cruise 37; Station 43; SL 33 mm.

spinosc; siibcaudal scales with no spines
to a single small spine; jaws medium; gill

rakers long; pigment in preservative dark

dorsally, with narrow dark bar extending
toward midline; pigment less dark above
anal photophores.

Distribution (Fig. 63). Taken in num-
bers off the Philippines and off the south

China coast; reported from peninsular

India, although these reports may repre-
sent P. tridentifer.

Polyipnus o/uo/us n. sp.

Figure 67

Holotvpe BCFH 2562; 11° 18'N, 162°

06'E; 12/9/56; R/V HUGHM. SMITH,
ciaiise 37; Station 43.

Species distinction. Differs from P. indi-

cus and P. nutfingi in its much broader

body; post-temporal spine characteristics;

triangular abdominal keel scales; supra-

anal, supra-abdominal, and subeaudal

photophore characteristics; and posterior
extension of dorsal fin rays to end of anal

photophores.

Description. D. 14; A. 15; P. 13; total

gill rakers 19; vertebrae 33.

Known only from holotype, 33 mmSL;

body very broad, narrowing abniptly to

short narrow caudal peduncle; body depth
1.3 times into SL; post-temporal spine

length more than one-half diameter of

orbit, extends to origin of dorsal spine,

very spinose dorsally and laterally; frontal

ridges almost vertical, spinose; postabdomi-
nal spines well developed; abdominal keel

scales extend well beyond ventral body

margin; these scales sharply triangulate,

coming to a single or double point ven-

trally; subeaudal scales smooth; first supra-

abdominal photophore raised considerably
above other two; subeaudal photophores
raised well above anals; first supra-anal

photophore noticeably lower than second
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-igure 68. Polyipnus indicus; after Schultz, 1961.

which is lower than third; anal photophores
in two distinct groups; jaws large; teeth

small, several recurved ones in upper jaw;

vomerine teeth well developed; gill rakers

medium, spinose; in preservative pigment
somewhat darker dorsally; pigment stri-

lations present on tiimk.

I

Holotype: measurements (mm): SL 32.9,

|BD 25.7, JL 08.3, CP 03.9; meristics: GR
jl9,

D 14, A 15, anal photophores 7; name:

from the Hawaiian "oluolu," which means

I happy.
Distribution (Fig. 63). Known only from

a single capture near the Marshall Islands.

Polyipnus indicus Schultz

Figure 68

Pohjipnus indicus Schultz, 1961: 645 (holotype

BMNH; off Zanzibar; not seen; paratype USNM
179897; seen); 1964: 241.

Pohjipnus nuttingi: Norman, 1939: 20.

Species distinction. See P. ohioJiis (p.

90); differs from P. nuttingi by its longer,

^sharper post-temporal spines, less extended

abdominal keel scales, less spinose ventral

border of lower jaw, photophore character-

istics,, presence of spiny subcaudal keel

scales, generally lower gill raker number,
and shorter post-temporal base-to-dorsal

spine length compared to post-temporal

spine length.

Description. D. 13-14; A. 15-16 (17); P.

(12) 13-14; total gill rakers 20-21 (22);

vertebrae 33-34.

Largest specimen less than 55 mmSL;

trunk tapering to long caudal peduncle;

post-temporal spine long, thin, its length

greater than one-half the diameter of orbit;

basal post-temporal spine short; preopercle

spine long, curving anteriorly; frontal

ridges minutely spinose; abdominal keel

scales do not extend much below ventral

body margin, these scales with multiple

spines; subcaudal scales spinose; supra-
abdominal photophores in steplike ar-

rangement with first photophore raised

substantially above second; supra-anal

photophores not well separated from anals;

jaws large; teeth minute; underside of
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i

Figure 69. Polyipnus nuttingi; modified from Gilbert, 1905.

lower jaw smooth to slightly spinose; gill

rakers short to medium with rough spinose
internal surfaces; pigment in preservative
dark dorsally and dark above anal photo-

phores, dark pigment bar extends to mid-

line; pigment in myomerelike striations on

trunk, with definite pigment spots along

posterior midline.

Distribution (Fig. 63). Known from

three localities in the Indian Ocean along
the east African coast from the equator to

30°S; reports of P. spinosus from this area

may represent P. indicus.

Polyipnus nuttingi Gilbert

Figure 69

Pohjipmts mittingi Gilbert, 1905: 609 (holotype
USNM51599; Hawaii; seen); Fowler, 1949:

42; Haig, 1955: 321; Schultz, 1961: 640; 1964:

247.

Species distinction. See F. oluolus (p.

90) und P. indicus (p. 91).

Description. D. (12) 13-14; A. 15-16; P.

13-14; total gill rakers (21) 22-24; verte-

brae 3.3-34.

Largest specimen less than 65 mmSL;

body broad, tapering to long narrow caudal

peduncle; post-temporal spine stout, rel-

atively short (less than one-half eye diam-

eter), slightly spinose dorsally; frontal

ridges more vertically oriented than P.

indicus and minutely spinose; preoperck

spine short, curving anteriorly; abdominali

keel scales with multiple spines; these

scales extend well below ventral bod>i(

margin; post-temporal spine length less

than one-half the distance from its base

to point of dorsal blade; subcaudal scale."

smooth; supra-abdominal photophores ar-

ranged in a straight line, steplike arrange-

ment; the three supra-anal photophoret

separated slightly but definitely from ana.

photophore group; jaws large; teeth mi-

nute; undersurface of lower jaw markedl)

spinose; gill rakers long, spinose on interna

surface; dorsal spine high; pigment ir

preservative similar to P. indicus, althougl
dorsal pigment bar is longer and broader

Distribution (Fig. 63). Known only fron

the Hawaiian Islands where it appears tc

be an endemic.

Polyipnus laternatus Garman

Figure 70

Pohjipnus laternatus Garman, 1899: 238 ( holo

type MCZ 27945; off Barbados; seen); Parr

1937: 49; Scbnltz, 1961: 639; 1964: 241.

Polyipnus si)inosus: Brauer, 1906: 121 (in part)

Goode and Bean, 1896: 127; Rivero, 1936: 5(

Species distinction. Both P. Jaternatm

and P. omphus differ from P. aquavitus anc

P. unispinus by their higher meristic
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Figure 71. Polyipnus omphus; R/V DISCOVERY; Station 5509; SL 43 mm.

counts; shorter preopercle and dorsal

spines; l^roader body, photophore and pig-

ment characteristics. P. laternatiis differs

from P. ompluts in its broader caudal

peduncle; shorter, more compact subcaudal

photophores, supra-anal and supra-abdom-
inal photophore characteristics, slightly

shorter preopercle spine, and relatively

larger eye.

Description. D. 13-14 (15); A. (15)

16-17; P. 1.3-14; gill rakers (18) 19-22;

vertebrae 32-33 (34).

Small to medium size species, rarely ex-

ceeding 55 mmSL; body relatively long
and narrow, tapering into broad caudal

peduncle, its width greater than width of

subcaudal photophores; eye large, orbital

diameter usually less than six times into

SL; post-temporal spine long, thin, its total

length variable (usually about one-half

the diameter of orbit); dorsal spine short;

preopercle spine short, broad, triangulate;

abdominal keel scales smooth, not ex-

tended far beyond body margin; subcaudal

photophores closely allied, little space bc-

tvveen each photophore; supra-anal photo-

phores raised well above anals, with first

supra-anal slightly lower than second; first

supra-abdominal photophore raised well

above other two; second supra-abdominal
even with or lower than third; jaws
medium to small; teeth minute; vomerine

and palatine teeth small but prominent;

gill rakers long, spinose on inner surface;

pigment in preservative dark dorsally, dark

i:)igment bar usualK' does not reach mid-

line; prominent, dark spots along trunk

midline; myomerelike pigment striations

dorsally and vertically from midline.

Distribution (Fig. 63). Restricted to the

western Atlantic; abundant in the Carib-

bean off Venezuela and the central Amer-

ican coast, in the lesser Antilles, off Puerto

Rico, Cuba, and in the straits of Florida;

not reported from the Culf of Mexico oi

the east coast of North America.

Polyipnus omphus n. sp.

Figure 71

Holotype BMNH: 11° 2rS, 48° 58'E; 8/21/64

R/V DISCOVERY; Station 5509.

Pohjipntis Jatcmafiis: Kobayashi, 1963: 179; Kott

haus, 1967: 22 (otoliths, photo. ).

Species distinciion. See P. laternatus (p

92). Roth P. laternatus and P. omphm
differ from P. acjuavitus and P. unispinm

by their higher meristic counts; shorter

preopercle and dorsal spines; broader body

photopore and pigment characteristics. P

laternatus differs from P. omphus in iti

broader caudal peduncle; shorter, mo«

compact subcaudal photophores; supra

anal and supra-abdominal photophore
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Figure 73. Polyipnus unispinus; after Schultz, 1938.

characteristics; slightly shorter preopercle

spine; and relatively larger eye. The single

specimen from tlie Pacific (SIO 60-236-101)

appears slightly different phenotypically
from the Indian Ocean forms. These two

populations should be further examined

when such material is available.

Description. D. 14-15; A. 16; P. 13-14;

gill rakers 18-21; vertebrae (33).

Largest specimen less than 50 mmSL.

body narrow, tapering into narrow caudal

peduncle; its greatest depth less than

length of subcaudal photophore group; eye

relatively small, orbital diameter greater
than six times into SL; post-temporal spine

long, about one-half the diameter of orbit

(or greater); dorsal spine short; preopercle

spine short, narrowly triangulate; abdom-
inal keel scales smooth, not extending far

beyond body margins; subcaudal ^Dhoto-

phores spaced apart (about width of a

photophore between them), distance be-

tween subcaudal and anal photophores
about the same as length of one of the

former; supra-anal raised only slightly

above anals, with first supra-anal higher
than second; supra-abdominal photophores
in an oblique straight line; jaws medium;
teeth minute; definite vomerine teeth

present; gill rakers long, spinose; in pre-

servative, pigment dark dorsally with

broad, dark bar reaching to or near mid-

line; dark pigment spots along trunk

midline with pigment striations radiating

from them; dark pigment above ventral

photophores.

Holotype: measurements (mm): SL 40.1

BD 20.0, JL 06.1, CP 03.4; mcristics: GE
19, D 14, A 16; anal photophores 11; name:]
from the Marathi word "omphus," roughlv
translated as "unwanted."

Distribution (Fig. 63). Extremely dis-

junct range; known from a few specimeni
north of Madagascar in the Indian Ocear

and from a single capture in the Centra

Pacific north of the Marquesas Islands

Additional record: 00^00', 165°42.5'W.

Polyipnus aquavitus n. sp.

Figure 72

Holotype ZMUCP20969; 33° 42'S, 151° 51'E

11/13/51; R/V GALATHEA: Station 551.

Species distinction. See P. laternatiis (p

92). P. iniispiniis differs from P. aquavi
ills by its longer dorsal and preoperck

spines, spinose preopercle and ventral kee

plates, shorter subcaudal to anal photo

phore distance, longer postabdominal anc
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anal pterygiophore spines, and its narrower
trunk and caudal peduncle.

Description. D. (11) 12-13; A. 15-16; P.

(12) 1.3-14; gill rakers 12-14; vertebrae

(35).

Largest specimen less than 45 mmSL;

body narrow, tapering into narrow caudal

peduncle; its least depth less than length
of subcaudal photophores; post-temporal

spine long, length greater than one-half

the diameter of orbit; dorsal spine short;

preopercle spine short, sharp, length less

than one-half the diameter of orbit; second

preopercle spine reduced; lateral surface

ji preopercle smooth; abdominal keel

scales smooth, not extended ventrally;

mpra-anal photophores only slightly raised

from anals; first supra-anal photophore
'aised above second and third; anal-sub-

3audal photophore distance one-fourth or

greater than length of latter; mouth small;

:eeth minute; gill rakers short to medium;
n preservative, body pigment is dark over

abdomen and trunk; pigment often present
:n band at base of caudal rays, few dark

,Digment spots along lateral midline.

Holotype: measurements (mm): SL 38.5,

BD 17.7, JL 07.0, CP 03.6; meristics: GR
13, D 13, A 15, anal photophores 10; name:
TOm the Danish national drink, akvavit.

Disfrihution (Fig. 63). Taken abun-

dantly off Sidney, Australia, and known
from single captures in the Banda Sea and
jetween Tasmania and New Zealand.

°olyipnus unispinus Schultz

Figure 73

Foltjipniis unispinus Sclmltz, 1938: 137 (holotvpc
USNM103153; Philippines; seen); 1961: 643;
1964: 247.

Species distinction. See P. latematus (p.

)2). Differs from P. aquavitus by its

onger dorsal and preopercle spines, spinose

ircopercle and ventral keel scales, shorter

iubcaudal to anal photophore distance,

onger postabdominal and anal pterygio-
:)hore spines, and its narrower trunk and
audal peduncle.

Description. D. 12-13 (14); A. 1.3-15;
P. 12-13; gill rakers (11) 12-14; vertebrae

(.3.5-,36).

Small, possibly a "dwarf" species, none

yet exceeding 40 mmSL; body narrow,

tapering into long narrow trunk and
caudal peduncle; post-temporal spine long,
almost equal to orbital diameter; dorsal

spine long, high; its length about equal to

one-half of orbital diameter; preopercle

spine long, greater than one-half of orbital

diameter; a well-developed second pre-

opercle spine usually present; dorsal lateral

surface of preopercle spinose; abdominal
keel scales spinose ventrally; postabdom-
inal and anal pterygiophore spines well

developed; supra-anal photophores almost

continuous with anals
; first two supra-anals

raised markedly above third; distance be-

tween subcaudal and anal photophores less

or equal to one-fourth the length of the

latter; mouth small; teeth minute; vomerine
teeth prominent; gill rakers short to

medium, well spaced; in preservative pig-
ment slightly darker dorsally; abdomen
and trunk relatively dark;

Distribution (Fig. 63). Taken in small

numbers off the Philippines, and repre-
sented by two small samples from the

Banda Sea.

Polyipnus triphanos Schultz

Figure 74

Polyipnus iriphanos Schultz, 1938: 140 (holotype
USNM103027; Pescador Islands; seen); 1961:

640; 1964: 247.

Species distinction. See P. asteroides (p.

99); differs from P. polli by its higher
anal photophore number, lower gill raker

and dorsal ray counts, a straight ventral

anal photophore margin, and the raised

dorsal pigment border above the supra-
anal photophores.

Description. D. 11-12; A. 17 (18, 19);
P. 1.3-14; gill rakers (15) 16-18 (19);
vertebrae (33).

Body broad, tapering into narrow caudal

peduncle; its height slightly greater than

length of subcaudal photophore group;
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Figure 74. Polyipnus tripbanos; after Schultz, 1938.

post-temporal spine short, ncedlelike; dor-

sal spine short; preopercle spine short,

triangulate; abdominal keel scales extend

only slightly below ventral body margin;

first siipra-anal photophore markedly lower

than other two; first supra-abdominal
raised above others, second lower than

third, jaw medium to small; teeth minute;

gill rakers medium, spinose; in preservative,

pigment dark dorsally; dark pigment bar

reaches almost to midline followed by light

stripe reaching towards mid-dorsal line;

ventral margin of dark dorsal pigment

markedly raised on trunk above supra-anal

photophores; pigment spots present on

trunk midline, striations not distinct.

Distribution (Fig. 63). Known only from

a few captures off the Philippines. Addi-

tional Record: 05^^ 01.0'S, 127° ST'E.

Polyipnus polli Schultz

Figure 75

Palyijmtis polli Schultz 1961: 635 (holotype

MRAC95092; south east Atlantic; not seen;

para type USXM 179878; seen); 1964: 247;

Blache, 1964: 71; Backus et al, 1965: 139.

Pohjipmis latcniatus: Norman, 1930: 305; Fowler,

1936: 1208; Poll, 1953: 65.

Pohjipniis spinofius: Smith, 1953: 102 (?).

Species distinction. See P. osteroidcs (p.

99) and P. triphanos (p. 97).

Description. D. 14-15
( 16); A.

( 15) 1&-

17; P. 13-14; gill rakers (20) 21-23; verte-

brae 32-33.

Medium to small species, seldom exceeds

50 mmSL; body and trunk broad, narrow-

ing abruptly to small, short caudal pedun-

cle; post-temporal spines short, needlelike;

dorsal spine short; preopercle spine short,

triangulate; abdominal keel scales smooth;

not extended ventrally; first supra-anal

photophore lower than other two; first

supra-abdominal raised well above second

which is approximately even wnth third;

subcaudal photophore group short, about

equal to width of dorsal pigment bar at itsi

center; body margin below anal photo-

phores markedly curved; anal ptery-

giophores extend well beyond body margin;'

jaws small; teeth minute; gill rakers

medium to long, and spinose; in preserva-

tive, pigment dark dorsally with pigment
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Figure 75. Polyipnus polli; after Norman, 1930.

bar reaching to\\ard midline; ventral

border of dorsal pigment in straight line,

from lateral photophore to caudal pe-
duncle; dark pigment spots on midline and
between midline and border of darker

dorsal pigment; pigment striations present
on trunk.

Distribution (Fig. 63). Restricted to the

southeastern Atlantic along the west

African coast from the Gulf of Guinea to

10°S latitude.

Polyipnus asteroides Schultz

Figure 76

Polyipnus asteroides Schultz, 1938: 138 (holotype

USNM; West Indies; not seen): 1961: 640:

1964: 247; Scott, 1963: 1303.

Polyipnus laternatus: Jespersen, 1934: 15.

Species distinction. P. asteroides, P. tri-

phanos, and P. poUi differ from P. meteori,
P. matsiiharai, P. kiiciensis, and P. rw^geri

by their lack of teeth on the posterior
vomerine shaft, and by supra-abdominal
and supra-anal photophore characteristics;

P. asteroides differs from P. polli by its

greater number of anal photophores, less

broad trunk, longer subcaudal photophore
group, relatively straight anal photophore

margin, and attainment of greater size;

differs from P. triphanos by its less broad

body, higher gill raker and dorsal ray

counts, and bodv pigment characteristics.

Description. D. 14-16 (17); A. (15) 16-

17 (18); P. (12) 13-14 (15); gill rakers

20-23 (24); vertebrae 32-33.

Large to giant species, often exceeds 70

mmSL; body relatively broad, tapering

evenly to narrow but short caudal pe-

duncle, its greatest depth greater than

length of subcaudal photophores; post-

temporal and dorsal spines short (less than

one-fourth eye diameter); preopercle spine

very short, triangulate; abdominal keel

scales extend slightly below ventral body
margin; first supra-anal photophore mark-

edly lower than second; first supra-abdom-
inal photophore raised well above other

two, second and third supra-abdominals

usually about same height; jaws medium
to large; teeth minute; gill rakers medium
to long, spinose on internal surface; in

preservative, pigment dark dorsally; dark

pigment bar extends toward but never
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Figure 77. Polyipnus matsubarai; after Schultz, 1961.

reaches midline; lateral border of dark-

dorsal pigment straight from dorsal spine
to caudal peduncle; dark pigment spots
mark lateral midHne, pigment striations

present on trunk.

Distribution (Fig. 63). Restricted to the
western North Atlantic; abundant in the

Caribbean and Gulf of Mexico from the
coast of Venezuela to the straits of Florida;
occurs off the outer islands of the West
Indies and less abundantly along the east
coast of North America; a single capture
has been reported as far north as the Gulf
3f Maine.

Polyipnus matsubarai Schultz

Figure 77

Polyipnus matsubarai Schultz, 1961: 641 (holo-
type USNM 179793; Kumanonada, Japan;
seen); 1964: 247.

Polyipnus japonicus Schultz, 1961: 643; 1964:
247.

'^olyipnus asteroidcs: iMatsubara, 1941: 2; 1950:
192.

Species distinction. See P. asteroides (p.

99); differs from P. ruggcri, P. kiwiensis,
and P. meteori by its higher gill raker

count, long narrow caudal peduncle, and

very narrow dorsal pigment bar.

Description. D. 12 (13); A. 16-17; P.

(12) (13) 14-16; gill rakers 22-24; verte-

brae 33.

Largest specimens have not exceeded 50
mmSL; body broad, tapering into long,

relatively narrow caudal peduncle; its

length equal to or greater than its greatest

depth; post-temporal spine rather long and

needlelike, its length about one-fourth the

orbital diameter; dorsal spine short; pre-

opercle spine short, triangulate; abdominal
keel scales smooth, with no \entral ex-

tension; first supra-abdominal photophore
raised above second which is equal to or

slightly raised above third; supra-anal

photophores in steplike arrangement, the

third being highest; first three anal photo-

phores even and parallel to midline; jaws
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Figure 78. Po/yipnus ruggeri; R/V TUl; New Zealand; SL 47 mm.

medium; teeth present on long posterior

shaft of vomer lying ventral to parasphe-

noid, resulting in three distinet tooth hear-

ing areas on the vomer; gill rakers medium;

in preservative, dorsal pigment har is ex-

tremely narrow and reaches to midline;

dorsal pigment horder is hroken hy light

stripe hehind pigment har, reaching

hroadly to mid-dorsal line; dorsal pigment
border raised slightly above supra-anal

photophores; small, dark pigment spots

mark lateral midline.

Distrihution (Fig. 63). Abundant in the

waters off Japan in the North Pacific; a

single capture in the mid-North Pacific

represents this species.

57'S, 177° 38'E;

Polyipnus ruggeri n. sp.

Figure 78

Holotype DMNZ 4670; 31'

7/24/62; R/V TUI.

Species distinction. Differs from the P.

osteroides (p. 99) group by dentition and

photophore characteristics and from P.

matsuharai (p. 101) by dorsal pigment and

gill raker characteristics; differs from P.

meteori and P. kiwiensis by its dorsal pig-

ment characteristics, higher gill raker

count, and photophore patterns; further

differs from P. kiwiensis by its smaller,

rounder eye, longer, narrower caudal pe-

duncle, and lesser distance between frontal

crests (
interorbital ) .

Description. D. 12; A. 16-17; P. 15; gill,

rakers 18; vertebrae (33).

Largest specimen less than 60 mmSL;]

body broad, tapering into somewhat long

and narrow caudal peduncle; its length

greater than depth; post-temporal spine

short, rough surfaced dorsally, less than

one-fourth of the diameter of orbit; dorsal

spine short, low; preopercle spine triangu-

late; eye large, round, its length about

equal to width; greatest distance betweer

frontal crests (interorbital) less than oi

equal to length of subcaudal photophort

group; abdominal keel scales not extendec

ventrally; supra-abdominal photophores ir

essentially straight line, first may be slighth

raised above third; first supra-anal photo

phore noticeably lo\\'er than second, whicl

is lower than third; jaws medium to large'

teeth present on posterior vomerine shaft

gill rakers medium, slightly spinose; in pre

servative, pigment dark dorsally with ;
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igure 79. Polyipnus kiwiensis; R/V TUI; New Zealand; SL 60 mm.

^'ery reduced pigment bar; much reduced

light stripe behind bar does not reach mid-
ilorsal Hne; ventral border of dorsal pig-
nent raised above supra-anal photophores;
>mall dark pigment spots present on lateral

nidline.

Holotype: measurements (mm): SL 46.8,
BD 30.3, JL 09.7, CP 05.5; mcristics: GR
L8, D 12, A 17; anal photophores 9; name:
lamed in honor of New Zealand's national

iport, rugby.
Distribution (Fig. 63). Kno\vn only from

I few small captures off Wellington, New
Zealand, and west of the Kermadec Islands.

^olyipnus kiwiensis n. sp.

Figure 79

Motype DMNZ 4802; 36° 50'S, 176° lO'E-

9/26/62; R/V TUI.

Species distinction. Differs from P.

isteroides (p. 99) group by photophore
characteristics and teeth on posterior
omcrine shaft; from P. matsuharai by gill
aker number and dorsal pigment char-

icteristics (F. matsuharai, p. 101); from P.

uggeri (p. 102) by dorsal pigment char-

icteristics, eye size, gill raker number,

caudal peduncle, and interorbital crests;

differs from P. meteori by its higher gill

raker counts, larger eye and mouth, photo-
phore and dorsal pigment characteristics.

Description. D. (11) 12; A. 16-17; P.

15-16; gill rakers 16-17; vertebrae (32)
33 (34).

Largest specimens less than 70 mmSL;

body broad, tapering rather abruptly into

short caudal peduncle; its depth about

equal to its length; post-temporal spine
short, less than one-fourth the diameter of

orbit; dorsal spine short, preopercle spine

triangulate; eyes extremely large, their

diameter less than seven times into SL;

greatest distance between frontal crests

(interorbital), greater than length of sub-

caudal photophore group; abdominal keel

scales not extended ventrally; first and
third supra-abdominal photophores about
even and raised well above second; first

supra-anal photophore noticeably lower
than second, which is slightly lower than

third; jaws large, broad; teeth well de-

veloped on posterior vomerine shaft and
lo\\er yAw; gill rakers medium; in pre-
servati\e broad, dark, dorsal bar reaches

to midline; light stripe posterior to dorsal
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bar not reaching to mid-dorsal line; ventral

border of dark dorsal pigment only slightly

raised above supra-anal photophores; small

dark pigment spots on lateral midline.

Holotype: measurements (mm): SL 59.5,

BD 36.4, JL 14.3, CP 09.7; meristics: GR
17, D. 12, A. 17; anal photophores 10;

name: from Kiwi —a New Zealand bird; in

the vernacular, a Kiwi is a native of New
Zealand.

Distribution (Fig. 63). Taken in moder-

ate numbers near Red Mercury Island off

the northeastern coast of North Island,

New Zealand.

Polyipnus mefeori Kotthaus

Polyipniis meteori Kotthaus, 1967: 27 (liolotype

lOES 20; off Seychelles, Indian Ocean; not

seen ) .

Species distinction. See P. asteroides (p.

99), P. matsubarai (p. 101), P. ruggeri

( p. 101
) ,

and P. kiiciensis ( p. 103
)

.

Description. (From description of holo-

type (Kotthaus, 1967) and photograph.)
D. 12; A. 16; P. 15; Still raker number
13-15.

Known only from holotype ( SL 37 mm
) ;

body broad, tapering to relatively long
caudal peduncle (appears shorter than

P. matsubarai); post-temporal spine needle-

like, about equal to one-fourth the eye
diameter; dorsal spine short; abdominal
keel scales smooth, not extended ventrally;
first and third supra-abdominal photo-

phores about even and raised above

second; first supra-anal markedly lower

than second, which is lower than third;

jaws medium; in preservative broad, dark,

dorsal bar reaches to midline followed by
light stripe which reaches mid-dorsal line:

ventral border of dorsal pigment raised

considerably above supra-anal photo-

phores; dark pigment spots present on
midline.

Distribution (Fig. 63). Known only from
a specimen taken near the Seychelle
Islands in the Indian Ocean; two juvenile

Fohjipmis from the east coast of Africa

may represent this species. Note: Key
characters checked with holotype through
the courtesy of Dr. Verner Larsen, ZMUC.

DISCUSSION AND CONCLUSIONS

Patterns of Distribution

The ecological distinctness of the family
and the basic stiuctural modifications in-

volved in the peculiar body form were dis-

cussed above. Given this basic structural)

similarity, the respccti\'e genera have di-

verged morphologically and ecologically.
This is apparent in the distinctive distribu-

tion pattern of each genus and is indicative

of the types of distributions to be found in

deep-sea fishes.

Fohjipnus. Although Poh/ipntis has the'

basic adaptive attributes of a midwater

fish, the genus —with the exception of

isolated expatriates
—is associated with

land areas. Land-oriented distributions,

have been reported in midwater fishes

(Ebeling, 1962; Nafpaktitis, 1968), but

these have involved mc>mbers of essentially

pelagic genera. Polyipnus is a moderately

speciose genus which has adapted solely

to land associated environments. While
continental slope areas are important, this

genus occurs abundantly near oceanic

islands well away from continental margins.

Depth data are generally sparse, but indi-

cate that Polyipnus is found from 50 m
to 400 m. The extent of diurnal migration
is unknown, although certain species have

been reported near the surface at night off

Japan (Haneda, 1952). The pseudo-
pelagic" environment of this species has

not been extensively sampled in most areas.

Species ranges are therefore incomplete,
and little is known about population struc-

ture and vertical distribution. New species
can be expected and additional revision

will be required as collecting proceeds.
The peculiar distribution of this genus

may be related to land-oriented food'

chains. There is an extensive amount of

literature on the increased productivity

associated with land areas and on the
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Dccurrence of neritic forms of zooplankton.

Foh/ipnus has specialized feeding habits,

and two peculiar morphological features

may be involved in its adaptation to a

specialized niche. These features are the

jaw and branchial morphology, and the

enlargement of the otic region. An addi-

tional indication of biological differences

From the other genera is the small number
of juN'eniles collected mth the adults.

Much remains to be known about the

biology and ecology of this genus, as well

IS its "pseudopelagic" environment.

Comparison of the essentially tropical

and-oriented distribution of Pohjipnus with

>ther tropical shore species provides some

nteresting parallels. Tropical reef and

ihelf fish are diverse in the Indo-west

Pacific region, with the Indo-Malayan area

'he most speciose (e.g., Ekman, 1967: 17).
riie number of species declines as one

proceeds from this area. Wliile present in

nany of the islands of outer Polynesia

'Hawaii, Marquesas, Tuamotu archipelago).
Few shore species reach the western coast

of the Americas. This is attributed to the

wide stretch of open water in the eastern

Pacific (the zoogeographic east Pacific

barrier). Contributions of Indo-west Pacific

elements to the tropical Atlantic are re-

duced by a similar, although not as re-

strictive, central Atlantic barrier, in addi-

tion to the African continent ( Briggs, 1960,

1961). The tropical shore fauna is further

characterized by its "modernness." It con-

sists primarily of the most advanced and
latest evolved fishes, with relicts and more

primitive groups less well represented.

Geographic endemics are common, espe-

cially near the more isolated island groups.
The largest number of Pohjipnus species

have been collected around the Philippine
Islands. Eight of 17 kmown species occur

in the tropical west Pacific. Endemics
occur in New Zealand, Hawaii, and the

Marshall Islands at the limits of the range
in the Pacific. Three other species occur

in the western Indian Ocean, thus account-

ing for 14 of 17 species in the Indo-west

Pacific. No species are reported from the

eastern Pacific. Tlie P. spinosiis species

complex is not found in the Atlantic; only
three species occur there. Two are re-

stricted to tropical and temperate America,
and one to the west African coast. There
are no trans-Panamanian species. Speci-
ation tends to be geographic and endemics
are numerous. Extensive sympatry be-

tween species complexes is rare. Life

history features apparently restrict species
to land-associated waters. No open-water

pelagic populations are known, and bar-

riers to gene flo\^' among discontinuous

populations appear considerable.

Here, then, is a classic tropical shore

distribution in what appears to be the most

primitive genus of the family (Ebeling,
1962, indicates some of the same features

in MeJamphaes) . Since such a distribution

is characteristic of lately evolved groups, it

is interesting to speculate on the possible
recent origin of Pohjipnus. While primitive
maurolicid gonostomatids are identified

from the early Tertiary, Pohjipnus as pres-

ently defined, is not. (It is not present in

Tertiary Tethys or California deposits.)

ArgyropeJecus is kno\\'n from the Oligo-
cene. Its distribution is worldwide (includ-

ing the Tethys fauna), as are a number
of gonostomatids (admittedly a different

ecology and distribution pattern). Polij-

ipnus, ^^'hile primitive in axial skeleton

characteristics, is nevertheless highly spe-

cialized in the cranial region. These char-

acters may be the major adaptive features

allowing Pohjipnus access to its specialized

niche, resulting in a new adaptive type
w^hich possibly arose relatively recently.

Ars.ijropeIecus. Argijwpelecus species are

characterized by broad worldwide high
seas distributions. Tlie genus is found in

all tropical and temperate oceans, and is

absent from polar seas. The limits of dis-

tribution are bounded approximately by
the 5° isothenn at 200 m. Within these

broad limits, however, distribution can be

quite restricted with the result that world-

wide species are broken up into a series of
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disjunct populations whicli appear more
or less isolated from each other.

In general, species occur vertically over

the same depth range wherever they are

found. With the exception of A. il,iil.as,

Ariiijropclecus species are partial or in-

complete diurnal migrators. At night many
species ascend to above 300 m, often to

about 200 m from their daytime depths of

400-500 m. Catches in the upper 100 m
seldom involve large numbers of in-

dividuals. A. aculcaiiis is most distinct in

its vertical migration, while A. gigas, the

deepest living species, migrates very little.

Within these broad limits (150-600 m) depth
variability is high, indicating considerable

microcomplexity (Appendix B). From
batluscaphe obser\-ations during the day,
Peres (1958) reports A. hemigymnm from
250-600 m, with large concentrations from
400-500 m. Peres' and odier bathyscaphe
observations (Drs. R. Rosenblatt, R. Haed-
rich, and R. Richards, personal conver-

sations) indicate that Argywpelccus species
do not school in the classical sense, but are

somewhat isolated from one another. Catch
data (Table 2.3) show the wide range in

size distribution with large catches, an-

other indication of nonschooling behavior.

Unlike many midwater fishes, the larvae
and ju\'eniles of Argyropeleciis are found
in the adult environment (Table 23) (Ahls-
trom, 1959). Over the range of a species
distribution some gravid females and

young ju\eniles were usually found. Large
scale expatriation does not appear to be im-

portant. Wherever a species is found in an
area in numbers it seems to represent a

breeding population.

Argiiwpchcus is represented by seven

species in three species complexes. Species
are moqjhologieally distinct in most cases

and, as with Poh/ipnm, broad sympatry
within complexes is uncommon. Sympatry
is limited to zones of mixing between allo-

patric species ranges w hen it occurs within

species complexes. Dwarf and giant spe-
cies occur. The giant species (A. gigas) is

quite restricted in distribution, limited

essentially to zones of water-mass bound-
aries. The dwarf species (A. Iwmigymmis),
while occurring in the relatively unproduc-
tive central water masses, is abundant in

highly productive temperate and eastern

b()undar\- current waters.

Sfcnwptyx. Sfemoptyx species have
broad worldwide pelagic distributions

similar to Argyropelectis and with approxi-

mately the same geographic limits. The
juveniles are found in the adult environ-

ment, although larger individuals may be
found slightly deeper. There is no indi-

cation of expatriation. Sternopty.x is less

speeiose than ArgyropeJecus and species
distinctions are much less marked. Two
of the three species (S. diaphana and S.

ohscura) have wide allopatric ranges, with
restricted areas of overlap. S. pseudohscura
and S. diaphana are broadly sympatric over
much of their respective ranges.

Vertically, all species are deep living

(500-1500 m) and show little diurnal mi-

gration. Variability in catch size ranges^
indicates that Stenwptyx probably does not

school.

Geographic Variation

Nhiyr (1963: 333) makes the following

points in a discussion of geographic varia-

tion: Every population of a species differs

from all other populations genetically, and
when sufficiently sensitive tests are em-

ployed, also biometrically. The degree oB

divergence between different populations'
of a species ranges from near complete

identity to distinctness almost of speciest

level. Various characters of a species may
and usually do differ independently. The
characters of a given population have atl

least a partial genetic basis, and in most'

cases tend to remain rather constant through
the years.

The absence of detectable differences!

between horizontally disjunct populations
is not necessarily indicative of no popu-.
lation differences. In the present study,
methods were not particularly sensitive,

nor were many characters used. However.
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w'liere differences do exist one can delimit

populations which, when coupled with dis-

tributional data, should add to our under-

standing of the environmental and bio-

logical factors which are important in

restricting species distributions.

Most of the patterns of geographic vari-

ation outlined by Mayr are present in

Ar<i,yropeJecus and Stcrnoptyx. A. iiigas,

ivhich appears to have the most disjunct

distribution, displayed no detectable differ-

snces between widely separated popu-
lations. Characters which arc constant in

me species, vary in another. In general,

however, population differences were

"ound between geographically isolated

populations as indicated by horizontal dis-

ributions. The statistical characteristics

if a population of at least one species (A.

iciileotus) remained constant over a period
3f two years. Population limits can be

^uite broad, and usually population bound-

iries are correlated with species boundaries

in the same area. However, where species'

ranges cross major zoogeographic bound-

aries, populations on either side of this

boundary may be quite distinct (e.g., A.

hemiiUjiimus in the North Atlantic).

Population boundaries and morpholog-
ical diversification are more obvious in

the shallow-dwelling Argyropelcciis than

in the deeper-living and nonmigrating

Sterno))tyx (Ebeling and Weed, 1963,

noted this for Melamphaes and Scopelo-

godtis). Distributions of deeper living pe-

lagic invertebrates also show this pattern

(David, 1963; Grice and liulsemarin,

1967) which is apparently correlated with

the decrease in environmental differences

with depth between different areas of the

oceans. Additional study is necessary to

fully appreciate and delimit the population

^structure of both genera.

Distributional Factors

j

A considerable amount of literature is

'now available emphasizing the importance
of water masses in the distribution of deep-
sea organisms (Bieri, 1959; Ebeling, 1962;

Johnson and Brinton, 1963, among others).

Discussions of water masses —their forma-

tion, location, and identification —are

numerous (e.g., Sverdrup et al., 1960;

Ebeling, 1962), and each year knowledge
of the extent, boundaries, and origin of

discontinuities in the oceans increases.

Table 24 relates the distribution of the

species of Argyropelcciis and Sternoptyx
to the various water masses as presently
defined. Several interesting conclusions

result. One species (A. aculeahis) is

limited to central water masses within

the great gyre systems of the central

oceans. Two species (A. hjchmis, S. oh-

scura) are limited to the east Pacific

equatorial water mass and the transitional

waters at its boundary. As presently de-

fined, water masses are too broad to ac-

curately describe many distributions; this

is particularly so in the Atlantic. While

the label "central" or "equatorial" is indic-

ative of similarities between water masses

in different areas, there can be significant

differences in the faunal components (e.g.,

Indian equatorial versus east Pacific equa-

torial; east north Pacific central versus west

north Pacific central).

Since the distributions of Argyropelcciis
and Sternoptyx are disjunct yet worldwide,
a detailed look at the range of each species

was made in an attempt to define some

of the important distributional parameters.

Temperature was considered, as it is often

correlated with the distributional limits

of fishes. Table 22 represents the tem-

perature range of each species within

arbitrarily selected depth limits, cor-

responding roughly to the depth limits

of the species. Tables 20 and 21 illustrate

temperature depth profiles from various

parts of the ocean \\'here different species

occur. As Table 22 illustrates, absolute

temperature ranges widely overlap, al-

though certain species tend to be high

while others are low. Species occur in

colder waters in the Pacific in comparison

with the Indian and Atlantic oceans. Dis-
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Table 20. Temperature-depth profiles for vaiuous parts of the Pacific and Indian oceans.

Depth
(m)

4o°N, isonv
Pacific subarctic

34°N, 122°W
California

10°N, 120°W
Eq Pacific

18°N, 142''W
NE Pacific Cent

25'-N, 160°E
NWPacific

200
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Pable 22. Temperature ranges at arbitrarily chosen depths for the various species of
\rgyropelecus and Sternoptyx. Figures were obtained by comparing horizontal species ranges

WITH known temperature-depth profiles over this range.

Species Depth (ill) Temperature Range (°C)

\. aculeatus

\. olfersi

\. Jychnus

\. slacJeni

\. hemigymnus

\. affinis

\. gigas

i. diaphana

). obscura

>. pseudohscura

200
400

200
400

200
400

200
400

200
400

200
400

400
600

600
SOO

600
800

1000

800
1000

15-21 (all oceans)
10-15 ( all oceans )

12-13 ( all oceans )

9 (Atlantic) 7 (Pacific)

7-12 (Pacific)

6-10 (Pacific)

9-14 (all oceans)
6.5-11 (all oceans)

9-18 (all oceans)
6.5-13 (all oceans)

9-14 ( all oceans )

6.5-11 (all oceans)

7-12 (all oceans)
6-10 (all oceans)

5-7 (Pacific); 9-11 (Indian & Atlantic)
5-4.5 (Pacific); 7.5-10 (Indian & Atlantic)

7.5-10 ( Indian & Pacific)

6-8 (Indian); 4.5-5.5 (Pacific)
4.5-5 ( Indian & Pacific )

8-5 (all oceans)
4-5 ( all oceans )

estrictcd primarily to the eastern boundary
'urrcnts and areas of upwelling which are

•haracterized by cool water between 300

n and 400 m. A. olfersi is restricted to the

-vanner areas of subpolar waters character-

zed by 12-13° temperatures at 200 m. A.

lemiii^ijmmis is excluded only from ec^ua-

orial waters, although biometric data

ndicates a population structure which

:;orresponds to water mass boundaries. A.

iciileatus is restricted to wami central

kvater masses in areas bounded approxi-

mately by the 15° isotherm at 200 m. A.

hjcliniis occurs only in the Pacific equa-
torial water mass characterized by cool

temperatures between 200 m and 400 m.

S. diaphami is excluded from the equatorial
water masses only. S. obscura is limited to

equatorial water masses and their bound-

aries while S. pseudohscura is similar to

S. diaphana, although more restricted to

tropical and subtropical waters.

The above distribution pattern is a

strong argument for the importance of

fABLE 23. Catch statistics for two large samples of Argyropelecus from the North Atlantic.

5IZE class figures REFER TO THE NUxMBEROF INDIVIDUALS IN THE SAMPLEWHOSESTANDARDLENGTH
?"ALLS BETWEENTHE SIZE LIMITS; I.E., THERE WERETWOINDIVIDUALS OF A. ACULEATUSWHOSESTANDARD

LENGTHSWEREFROM21 TO 25 MM.
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Table 24. OccimnExcE of the species of Argy ropelecis and Sternopty.x in various wateh
MASSES. X = TAKEN IN NUMBERS; S = REPORTEDIN SMALL NITAIBERS USUALLY NEAR AVATER MASS

BOUNDARIES; O = UNRECORDED; ? = POSSIBLE RECORD.
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Table 25. Zoogkographic Regions.

Region Species Assembly

1. E Pacific Equatorial

2. N Pacific Transitional

3. Pacific Subarctic

4. EN Pacific Central

5. WNPacific Central

6. SE Pacific Transitional

7. Pacific Subantarctic

8. S Pacific Central

9. Indian Equatorial

0. Java-Indonesian

1. Indian Central

2. Tropical Atlantic

3. SE Atlantic Transitional

4. Venezuelan-Caribbean

5. Caribbean-Gulf Central

6. Gulf Peripheral

7. NWAtlantic Pocket

8. WNAtlantic Central

9. EN Atlantic Central

:0. NE Atlantic Subarctic

',1. SWAtlantic Central

;2. WMediterranean

13. N New Zealand Pocket

A. SE Atlantic Subantarctic

A. lijchnit.s, S. ohscura.

A. affinis, A. hemigyinnus, A. sladeni, S. ohscura,
A. lychnus (S. diaphana).

A. sladeni, A. hemigtjmnus (S. diaphana).

A. affinis; A. sladeni, A. hemigtjmnus, S. diaphana.

A. acidealus, A. hemigymnus, S. diaphana, S. pseudohscura.

A. affinis, A. sladeni, A. hemigymnus, A. hjcJinus, A. gigas,
S. diaphana (A. olfersi, S. ohscura).

A. olfersi, A. hemigymnus, A. gigas, S. diaphana.

A. aculeatus, A. hemigymnus (S. pseudohscura).

A. affinis, A. sladeni, A. hemigymnus, S. ohscura.

A. affinis, A. sladeni, A. hemigymnus, S. diaphana,
S. ohscura.

A. aculeatus, A. hemigymnus, A. gigas, S. diaphana,
S. pseudohscura.

A. sladeni, S. diaphana, S. pseudohscura (A. hemigymnus).

A. affinis, A. sladeni, A. gigas, A. diaphana, S. pseudohscura.

A. affinis, A. sladeni, A. hemigymnus, S. diaphana,
S. pseudohscura, A. aculeatus.

A. aculeatus, A. hemigymnus, S. diapharm, S. pseudohscura,
A. sladeni.

A. affinis, A. sladeni, A. hemigymnus, A. gigas, S. diaphana.

A. affinis, A. sladeni, S. diapliana, S. pseudohscura.

A. aculeatus, A. hemigymnus, S. diaphana (A. gigas).

A. aculeatus, A. hemigymnus, S. diapliana, S. pseudohscura
(A. gigas).

A. olfersi, A. hemigymnus, A. gigas, S. diaphana,
S. pseudohscura.

A. aculeatus, A. hemigymnus, S. diaphana, S. pseudohscura
(A. sladeni).

A. hemigymnus.

A. sladeni.

A. olfersi, A. hemigymnus, S. diaphana.

iydroc;iaphic properties; they are relatively
luinerous and easily eaiight; expatriation is

iniited; adults and ju\eniles share the same

mvironment; they are only partial migrators
it best and are thus less affected by seasonal

luctuations; and they occur over much of

he depth range of the "mesopelagic" en\'i-

onment.

As we have seen above, the water masses

as presently defined are too broad to ex-

plain species distributions as we find them.

However, the concept of water masses as

bodies of water with similar hydrographic
and biological properties is important, and
seems to be the most significant one in

explaining much of the heterogeneity in

the midwater environment. The pelagic
hatchetfishes are used in Figure 80 as
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indicator species of waters of similar

properties and their associated discontinui-

ties. The results may add to greater

appreciation of water masses—both con-

ceptuall)' and geographically. Table 25

and Figure 80 list the zoogeographic

regions and are also an attempt to indi-

cate similarities between regions. The
characteristic species assemblages which
occur in these regions are listed under the

appropriate area. No boundaries were
drawn because in most cases they could

not be defined. Important isotherms are in-

cluded and may serve as rough boundaries.

Presently defined water mass boundaries

(see Sverdrup et al., 1960) in many cases

mark the limits of these areas.

Several attempts at defining oceanic

zoogeographic regions have been made

(Ebeling, 1962; Clarke, 1966) and Figure
80 represents an additional one. No at-

tempt has been made to categorize these

regions as primary or secondary, but cer-

tainly some regions involve the whole of

the mesopelagic environment, while others

seem important only at shallower depths.
Considerable variation exists in the sharp-
ness of the boundaries and, to some extent,

in the degree of species overlap. As knowl-

edge of the oceans and their fauna in-

creases, the nature and extent of these

regions and their boundaries will become
more apparent.

Areas which are zoogeographic regions
and have boundaries which appear
throughout the "mesopelagic" environment
are the tropical east Pacific, the Indian

equatorial region, the northeast Atlantic,

and the subantarctic, especially the Pacific

portion. There is a wide subtropical belt

that is continuous at deeper depths, but
is broken into smaller regions above ap-

proximately 600 m. The tropical east

Pacific has been recognized as a major
zoogeographic region, and it seems to

have an endemic fauna at all levels (Brin-

ton, 1962; Ebeling, 1962; Johnson and

Brinton, 1963). The Indian equatorial

region, while not as well known, appears

to be somewhat similar to the equatorial

Pacific, at least in some species of hatchet-

fishes and other fishes as well (Ebeling,

1962; Gibbs and Hmwitz, 1967). The
northeast Atlantic is quite different from
the western Atlantic in a number of

groups (Haffner, 1952; Clarke, 1966;

Nafpaktitis, 1968). Additional evidence
from this and other studies

( Alvarino, 1965;

Gibbs, 1968) indicates that the conver-

gence area, especially in the South Pacific,

is a major zoogeographical region which

may be quite restricted in the South At-

lantic and Indian Ocean. The 5° isotherm

is much closer to the central water masses
at 200 m (Fig. 80), and the distance be-

tween the convergences is generally less

broad (Sverdrup, 1960).

Regions which are distinctive for the

upper 500 m are the warm central water
masses of the major gyre systems, and the

eastern boundary currents which are cold

water areas of transition and upwelling.
There are other smaller areas that are im-

portant zoogeographically and are faunally
similar to the major regions. These include

pockets of cold water around the Gulf of

Mexico, off South Africa, off the southeast

United States (see Haffner on Chauliodm,
1952), in the southern Caribbean and

tropical Atlantic, off Java, off NewZealand,
and southeast of Hawaii.

The Sternoptychidae are represented by
a single species in the western Mediter-

ranean, an area which seems distinct from
the warmer eastern end. Tliis population
is distinct from the North Atlantic one,
and this distinction has been documented
for other midwater fishes (Marshall, 1963).
Hatchetfishes have not been taken in the

Red Sea proper (Marshall, 1963) or the

Gulf of California (Lavenberg and Fitch.

1966).

Ecological niches and diversity. Speci-
ation pattern, distribution, and population
structure are three indicators of diversity,

niche breadth, and heterogeneity in the

mesopelagic environment. While the world-

wide midwater environment is heterogene-
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ous, it nevertheless appears to be relatively

constant, at least in measurable physical

parameters, over broad areas. This is re-

flected in the patterns observed in the

three indicators mentioned above.

Measurable niche parameters appear

quite broad m hatchctfishes in comparison
with frcsh\\'ater or shore faunas. Overlap
between congeneric species is not ex-

tensive, and where it does occur there are

usually major morphological or vertical

distributional differences. Allopatric ranges
are the rule. Congeneric coexistence

usually refjuircs either a major shift in

depth distri])ution or marked morpho-

logical change. Thus Pohjipniis
—often

geographically isolated and land associated

—is the most speciose genus, while Ster-

noptyx —the deepest living
—is the least.

There are indications that this broad niche

phenomenon occurs in other groups as well

(Marshall, 1963).
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SUMMARY

1. The Sternoptychidae are primitive
stomiatoid fishes closely related to the

Gonostomatidae, but different from
them morphologically; most of this

difference is related to the peculiar

deep body shape of the former.

2. The Sternoptychidae probably arose

during the early Tertiary as part of an

early stomiatoid radiation. Miocene
fossils of Argyropelecus could not be

distinguished from their modern coun-

terparts, indicating little osteological
evolution in this genus since then.

3. The three genera in the family are

widely divergent; each has specialized
in a separate direction.

4. Polyipniis occurs only in close associ-

ation with land. Its pattern of distri-

bution and speciation closely parallels
that of many tropical shore species.

5. Ariiijropelecus is distributed widely in

all tropical and temperate seas. It is

a partial migrator not often entering
the upper 100 m at night. Adults and

juveniles are found in about the same

depth range. Argijropelecus inhabits

the upper "mesopelagic" zone (100-
600 m).

6. Sternopfi/x is distributed horizontally
within the same limits as Argyropele-
cus. It inhabits the lower "mesopelagic"
zone (500-1500 m) and does not

appear to migrate diurnally.

7. ArgyropeJecus and Sternoptyx species
are restricted in distribution, each spe-
cies seemingly restricted to waters with

similar hydrographic and biological

properties.

8. Argyropeleciis is more speciose and
shows more morphological variation

than Sternoptyx. Species ranges in

Sternoptyx are much broader, indicat-

ing that barriers to distribution and

heterogeneity may be more pronounced
in the upper "mesopelagic" than in the

lower.

9. Certain species assemblages occur in

waters which are hydrographically
similar. These assemblages are used

to zoogeographically define distinct

areas of the world's oceans.

10. Ecological niches in the Sternoptychi-
dae are broad over measurable niche

parameters. Allopatric species ranges
are the rule and, where congeneric

sympatric species occur, there is usually

a considerable amount of morpho-

logical or vertical distinctness.

Appendix A
Institutions and Cruises from Which Material Was Examined or Recorded

1. Institutions and their abbreviations.

Collections of T. Abe and O. Suzuki, Tokyo, Japan.

Australian Museum, Sidney, Australia.

Bureau of Commercial Fisheries, Honolulu, Hawaii.

Bureau of Commercial Fisheries, La Jolla, California.

Bureau of Commercial Fisheries, Miami, Florida.

British Museum (Natural History), London, England.

Dominion Museum, Wellington, NewZealand.

International Indian Ocean Expedition.

Biologische Anstalt Helgoland (Meteor Indian Ocean Expedition), Hamburg, Cermany.

Los Angeles County Museum, Los Angeles, California.

Museum of Comparative Zoology, Harvard University, Cambridge, Massachusetts.

ABE
AM
BCFH
BCFL
BCFM
BMNH
DMNZ
HOE
lOES

LACM
MCZ
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Appendix A (Continued)

Musee National d'Histoire Naturelle, Paris, France.

Musee Royalc d'Afriqne Central, Tenuren.

National Institute of Oceanography, Sin-rey, England.

Oceanographic Data Center, Washington, D.C.

Scripps Institute of Oceanography, La Jolla, California.

Institute of Marine Science, University of Miami, Florida.

John Hancock Foiuidation, University of Southern CaHfonu'a, Los Angeles, CaHfornia.

U.S. National Museum, Washington, D.C.

Woods Hole Oceanographic Institute, Woods Hole, Massachusetts.

Zoological Museum, Copenhagen, Denmark.

MNHNP
MRAC
NIO
ODC
SIO

UMML
use
USNM
WHOI

ZMUC

2. Institutions and
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Appendix B

)epth tables of the species of Argyropelecus axd Sternoptyx. Depth data for these tables
lEPRESEXT MAXIMUMNET DEPTHS ONLY. "CaTCh" REFERS TO THE NUMBEROF HAULS IN WHICHTHE
jumber of fish taken is shown horizontally between the figure listed and the previous figure.

Depth" refers to the maximum net depths and is recorded vertically between the depth listed

.ND the one listed ABOVE IT. "ZeRO" CATCH REFERS TO THE NUMBEROF NEGATIVE TOWSFOR THAT
SPECIES. "+" MEANSGREATERTHAN OR EQUAL TO THE VALUE LISTED.

Argyropelecus affinis

Night
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Appendix B ( Continued )

AriiUroi)clcciis hcmigtjtnmifi (Form A)

Night
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Appendix B ( Continued )

Argtjropclccu.s hcniii^ynimi.s (Form B)

Night

Depth
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Appendix B (Continued)

Depth
Catch
10 20 50 100 100+ N

Day

Depth
Catch
10 20 50 100 100+ N

100
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Appendix B (Continued)

Dav

Depth
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